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I Biota assessmant studies were initiated to determine the nature and extent

of Rocky Mountain Arsenal (iIA) contaninatloa in biota. Studies were

developed in conformance with the requirements of current applicable

iegislation (e.g.. Comprehensive Environmental Response, Compensation, And

3 Liability Act as amended to the Superfund Amendments and !eauthorization Act

(together refered to as CERCLA)J, and followed the guidance for such studies

provided in the National Contingency Plan (NCP) and Environmental Protection

Agency (EPA) documents for the conduct of Remedial Investigations (RIs),

3 As such, these biota studies identify the impact of RMA contamination on the

plants and animals found at RMA in order to generate information that will

3 be of assistance in determining the appropriate form that the remediation of

the site should take in accordance with CERCLA. These studies did not

inventory or discuss the management of the many species found at RNA and in

particular. did not focus upon the P1tA biota that are not affected by 4
contamination. The U.S. Fish and Wildlife Service (FWS) will address these

subjects separately over the com.ng months. Nor are these studies intended

to anticipate or to be co-extensive with the CERCLA Natural Resource Damage3 Assessment (NRDA) process that 4ill commence at RItA upon completion of the

Onpost Remedial Investigation (RI). While certain data gathered in the3 biota assessment may warrant consideration in the NRDA, the use that will

ultimately be made of such data necessarily varies depending on whether it

was assembled for purposes oi the NCP NRDA, As explained above. it is for

the former purposes that the biota assessment and the report were prepared.

SHere, the Army's assessment was conducted in two phases. Phase I focused t)n

the acquisition and review of available data. conduct of brief site visits.

3 and evaluation of pertinent information from all sources. It provided .1

preliminary determination of biota contamination and developed. as

necessary. a plan for obtaining additional relevant information. A review

of the extensive body of information on contamination in RgiA biota during

this phase indicated the need for a comprehensive evaluation of current

contamination to suppluJent historical Information on the effects of

* .xv
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selected chemicals at various locations. This comprehensive evaluation was

3n done during Phase II.

Phase II of the biota assessment was designed to characterize regional and

5 study area blots, to augmnt and update past studies, and to provide a

current comprehensive assessment of biota contaminant levels and effects in

conformance with current regulatory requirements. Scoping and design of the

investigation were partially determined by the types and concentrations of

contaminants documented to be still present in abLotic components of the

blosphere, that portion of the environment supporting life- The project

scope was discussed and modified by the Biota Assessment Working Group

(formerly the Biota Assessment Subcommittee) of the RMA Committee that met

periodically throughout the study. The comittee was composed of S3 representatives of the federal government (U.S. Army and their contractors,

Environmental Science and Engineering, Inc., and the FWS, the State of

Colorado (Colorado Division of Wildlife), and Shell Oil CLmpany (L.e., Shell

and their contractors, Horrison-Knudsen Engineers, Inc.). The EPA received

copies of all meeting minutes. The resulting program studied selected

populations, and addressed the contaminants of concern to biota. potentlal

adverse effects of contaminants on blota, the pathways of contaminant3 movement to and through biological systems, and analyzed tissues from

seolcted species to document current levels of specific target analytes.

I During Phase II, quantitative vegetation, wildlife, and aquatic studies were

conducted on RKA and at offpost sites used as controls to characterize

regional and study area biota. Population surveys of black-tailed prairie

dogs, earthworms, grasshoppers, snails were conducted. Reproductive success3 studies were performed for mallards, ring-necked pheasants. and American

kestrels. Acetyichollnesterase inhibition studies were conducted on

American kestrels, ring-necked pheasants, prairie-dogs. cottontails, .and

several samples of chance. Ii addition. several studies of general

abundance of particular species groups were done to enable characterIzation

of current RMA biota. An investigation of bald eagle distribution, remporal

occurrence, feeding hab. s, and habitat use was initiated following the

discovery of a bald eagle winter roost on RNA in December 1986. Results S
showed that up to 28 bald eagles at a time forage on REA and use the roost.

3 xvi
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Winter food consisted primarily of prairie dogs and rabbits, mostly obtained

by driving other raptors off of kills. Black-footed ferret studies were

also conducted at the request of the FWS, but no ferrets were found.

Studies of prairie dog populations were conducted to quantify the prey base

for eagles and cther predators, and to determine possible contaminant

pathway effects ozi these species.

Screening of documented RA contaminants produced a list of 39 contaminants

of potential concern to biota. Of these, severe were determined to be major

contaminants of concern on the bosis of toxicity, environmental persistence.

spatial distribution, and other criteria. These chemicals are arsenic,

mercury, dibromochloropropane, and the organochlorine pesticides aldrin,

dieldrin, *ndrin, and isodrin. Pathways for these contaminants were

constructed to evaluate potential environmental effects (e.g., effects on

species at higher trophic levels and the overall structure and futction of

food webs). The remaining 32 other contaminants of concern were subjected

to toxicity assessment. On the basis of these evaluations, contaminant

analyses were conducted on five of the major contaminants of concern

(arsenic, mercury. aldrin, dieldrin, and endrin) In biological tissues.

DBCP was not included as a contaminant analyte because it does not

bicaccumulate significantly. while isodrin is an analog of endrtr and is

converted metabolically to that compound. Analyses were also performed for

I *l.-dichloro-2,2-bis (4-chlorophenol)-ethylene/dichlorodiphenyltrichloro-

ethane (DDE/DDT) in selected species where these chemicals were implicated

in adverse effects (such as reduction in avian reproductive success).

Contaminant levels were measured in organisms from sites of known or

suspected contamination and from onpost and offpost control sites.I
The study design consisted of sampling in contaminated and control sites.

but varied depending on the mobility of the species being surveyed. For

species with restricted mobility (e.g.. cottontails, prairie dogs, etc.).

sampling was conducted in major sites of contamination on RMA, ir, control

(uncontaminated) sites on RKA. and in offpost control sites. For highly

mobile species that could be exposed to multiple sites of contamination on

RIIA yet also occupy uncontaminatk.d portions of R.A (e.g., mule deer). sample

design grouped samples as RMA (contaminated site) and offpost controls.

xvii
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Tissues to be analyzed for the seven compounds just mentioned were collected

from control and contaminated areas on RMA for less mobile species, and from

R A and offiost control areas for more mobile species. The species to be

sampled were selected to represent various trophic levvls, possible pathways

to humans, species of particular state or federal concern, and/or species of

special ecologic interest. Specifically, from the terrestrial and semL-

aquatic ecosystem two species (morning glory. commn sunflower), two

invertebrate species groups (grasshoppers, earthworms), three bird species

(mallards, ring-necked pheasants, American kestrels), and three mamal

species (black-tailed prairie dogs, desert cottontail, mule deer) were

collected for tissue analyses. From the aquatic ecosystems, plankton.

aquatic macrophytes, and five fish species (largemouth bass, bluegill,

northern pike, fathead minnows, black bullhead) were collected for tissue

analysis. In addition, miscellaneous species collected as samples of chance

or by the FWS in prior years were used for tissue analysis. On RIA most

samples from non-aquatic contamnated areas were collected from Section 26,

36. South Plants (portions of Sections 1 and 2) and 31, while those for

onpost controls (uncontaminated areas) were from Sections 5. 7. 8. 1q, 20.

Samples of more widely ranging species (American kestrels, raptors,

I mammalian carnivores, mallards. waterfowl. mourning doves, ring-necked

pheasants, and mule deer) were collected from more widespread portions of

AMA, and controls were collected from offpost. Samples of aquatic species

representing contaminated areas were collected from Lake Mary. Lake Ladora.

Lower Derby Lake, North Bog, while control samples were collected from McKay

Lake. which is offpost. With minor exceptions all tissues collected were

analyzed for aidrin, dieldrin, endrin, DDT/DDE, mercury, and arsenic with

j minor exceptions related to their appropriate potential pathways. Arsenic

and DDE/DDT were not sampled in all tissues from all sites because of their

absence above background in the abiotic environment of some sites and (for

arsenic) the low capacity to bioaccumulate.

I Contaminant studies of terrestrial plants (morning glory, common sunflower)

found that levels of arsenic In sunflowers and in one morning glory from

I. Basin A were within the range that could produce phytotoxic effects. but no
such effects were detected in the plants sampled. SQnsittvity to arsenic

I xviii
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might be a contributing factor to the reduced plant diversity in some areas,

but this could not be measured due to the high levels of human disturbance.

Dieldrin levels were detected in both plant species sampled, but not at
levels that could be expected to adversely affect plants. The endrin levels

I found in one sunflower sample from Basin C was lower than any documented

levels in the diet of birds that are known to produce adverse effects.IDieldrin and endrin bloaccumulate and could produce effects higher in food

chains.

I Invertebrate (aquatic snail, grasshopper, earthworm) population studies did

not indicate any reduction on RMA attributable to contaminants. Mercury was
found in grasshoppers and earthworms at levels that exceed the recommended

acceptable dietary level for birds, and could therefore produce adverse
I effects in birds such as kestrels and young pheasants that consume

grasshoppers or other species that consume earthworms. Aldrin, dieldrin and
endrin in grasshoppers and dieldrin and endrin in earthworms from Ri4A sites

of contamination were present at levels that could, through

i biomagnification, be hazardous to species at higher trophic levels in
terrestrial food webs. Arsenic was detected in both invertebrate species
groups. but this compound does not tend to bioaccumulate and no adversejeffect levels are documented for invertebrates.

Black-tailed prairie dog studies found no effects of contamination on
population density. Juvenile-adult ratios were significantly lower in RMA
prairie dog towns than on nearby offpost control sites. These differences

appeared to be the result of normal environmental faztors rather than KMA
contamination. Organochlorine pesticides in prairie dogs ot Section 36 on

lIMA were at levels that could be hazardous to eagles, other raptors. ,and
mammlian predators. Dieldrin was the only contaminant 3nalyte dejected in

I cottontails, but it was present at low concentrations well below the FDA

action level.

I Blood samples taken from bald eagles on RMA did not indicate the presence ot
any of the seven RMA contaminant analytes above levels found otfpost. A *

single bald eagle embryo from Barr Lake showed the presence ot both dieldrin
and DDE, but apparently from sources near Barr Lake and not RMA. bajsed on

I xix
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casual observations of the adult eagles* foraging. Tissue samples from two

golden eagles found drad on RIA showed contaminant levels below those knCown

to produ:e adverse effects In birds.

Dieldrin was found to be the principal contaminant in the tissue of other

raptor species. Lethal levels of dieldrin were found in ferruginous hawk,

red-tailed hawk, and grest-hort;id owl brains from animals collected on RtA.

Necropsy data showed that these individuals exhibited typical signs of

pesticide poisoning. Knowledge of the foraging range. feeding habits. and

seasonal use patterns of these species Indicate that the probable source(s)

of this :ontamination were within the boundaries if RHA.

Szudies of avian reproductive success indicated that the American kestrel

had significantly reduced repLoductiv- success apparently attributable to

organochlorine pesticide contamination from RNA sources, ari that

reproduction in mallards was also inhibited on RMA. Samples of mallards.

and kestrels from RMA contained mercury, dieldrin, and DDE. Some offpost

control samples of these two species contained mercury and DDE. Some

pheasant samples from RMA and from offpost controls contained arsenic,

dieldrin, and DDE. Some pheasants, mourning doves, and waterfowl from the

interior portions of RMA contained tissue levels of dieldrin in txcess of

analogous FDA action levels.

Onl! one of 14 mule deer collected or, RilA showed detectable levels of one of

the seven RMA contaminant analytes, .Leldrin. The sample was taken from on

animal accidentally killed between Basin A and the South Plants. Tissue

levels of dieldrin in one coyote found deaa of unknown causes on RIA fell it

the lower end of the range known to be lethal in dogs.

Dieldrin values showed increasing concentrations in moving from lower

trophic levels (plants and insects) to higher levels (raptors and mammalian

predators). thus providing evidence to support the bicaccumulation of this

organochlorine pesticide through the terrestrial food chain.

p

Data from analyses of aquatic plant plankton, and fish samples collected by

Morrison-Knudsen Engineers (MKE) from the Lower Lakes and North Bog on RlIA

xx

p *
^•,. .• ,,. •

* h



C-4MA-O)D\BIOKI.ES.xxI
5/4/89

and from oftpoat control sites indicated that some aquatic communities on

RMA are still contaminated with organochlorine pesticides and mercury.

Results of NKE Investigations are in general agreement with the findings of

previous studies that demonstrated the bloaccumulation of these contaminants

in aquatic comaunities on RMA.

The available data on abiotic components of the environment show that

arsenic, mercuiry, and the organochlorine pesticides ald:in, dieldrin, and

endrin are currently present in the soil and/or water at some contamination

site* on MA at levels that could result in a variety of lethal and

sublethal effects on biota. Dieldrin is of grear!zt concern because of its

toxicity, persistence. spatial extent on RiIA, occurrence in aquatic and

terrestrial ecosystems. and capacity to bioaccumulate In regional food webs.

While arsenic and mercury are also present in the RHA environment, the

extent and severity of adverse effects in biota appear to be less than those

of the organochlorine pesticides. 0

Acetylcholinesterase (AChE) inhibition studies were conducted on the brains

of animals found dead on RHA and on selected species collected for

contaminant analysis. No AChE inhibition was detected in the mallard. I
pheasant, raptor, and cottontail rabbit brains analyzed. AChE inhibition

was not detected in prairie dogs from Section 36, but significant AChE

inhibition was detected in prairie iogs from the loxic Storage Yard on RMA.

InhibiLion appeared to be the result of heavy metals naturally occurring in

near localized rock outcrops and not the result of RKA contamination.

The pathway analyses of the major RNA contaminants were conducted In order

to evaluate the relatfonship between the abiotic (physical) and biotic

components oi the environment. Pathway analyses and applicable EPA .imblent

water quality criteria establish acceptable levels of the major contaminants

that can occur in the abiotic environment without resulting in detectable

adverse effects on the biota.

Preliminary application of these acceptable levels as potential site-

specific criteria indicates that remediation could be necessary to restore

certain sites on KMA to acceptable contaminant levels, Information on the

xxi
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concentration and distribution of RMA contaminants in physical media will be

evaluated on the basis of these levels considered acceptable for biota as

well as on criteria from other components of the RI. The spacial extent of

contamination that must be cleaned up will subsequently be defined in Study

Area Reports (SAls).

The presence on RA during winter months of an endangered species, the bald

eagle. is an a-ditional biological consideration that will be addressed

during feasibility studies, interim actions, and long-term site remediation.

Ongoing comprehensive monitoring, U.S. Fish and Wildlife Service regional

bald eagle studies, the establishment of a bald eagle management area on

RMA, and related investigations will continue to produce information needed

to evaluate biological conccrns duLing these remediation activities.

This document is a formal RI ptcduct in accordance with the Federal

Facilities Agreement among the U.S. Army, Department of Interior. Health and

Human Services, the EPA, Shell Otl Company, the U.S. Department of Justice,

and the Settlement Agreement between the United States and Shell. the RJA

Technical Program Plan (TPP), and the June 1985 RI Guidance Document (EPA).

This document has been prepared to fulfill the requirements of defining the

nature and extent of RMA contamination in biota as required by CERCLA and

the NCP. Information contained in this report will be evaluated in

conjunction with information from the Study Area Reports (SARs) and RI

documents for other media during the Feasibility Study to formulate response

objectives at RHA.

I
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I1.0 INTIDUCTIOU

The purpose of the Biota Remedial Investigation Report is to present the

Army's Remedial Investigation (RI) results for the assessment of Rocky S

Mountain Arsenal (RMA) contamination in relation to biota. This document is

a formal remedial investigation (RI) product in accordance with the proposed

"Consent Decree (1988), the RMA Technical Program Plan (TPP) (PMO, 1988,

RICo88131R01), and the June 1985 RI Guidance Document (EPA). The seven

completed RI Study Area Reports (SARs), along with the RI media reports for

* air, biota, buildings. and water were conducted in accordance with the

requirements of defining the nature And extent of contamination as required

by the Comprehensive Environmental Response, Compensation, and Liability Act

(CERCLA), the Superfund Amendments and Reauthori-ar on Act (SARA), and the

National Contingency Plan (NCP). The Biota Al Report integrates known

historical information, the results of previous investigations, and the

current RI programs for biota ýo provide a synopsis of contamination at RNA

in relation to vegetation, wildlife, and aquatic resources as required under *5 Contract Number DAAKlI-84-D-0016.

Rocky Mountain Arsenal (RMA) has been a U.S. Army installation for over four

decades. Covering over 6,900 hectares (ha; 17,000 acres), RMA lies in

southern Adams County about 16 kilometers (kn; 10 miles) northeast of

downtown Denver, just north of Stapleton International Airport (Figure

1.1-1). Present activity at RMA is limited to land management, sec.irity,

technical Investigations of chemical contauination sources and current

distribution, and interim response actions for selected problem areas The

data from these investigations will ultimately guide remediation.

In this document, Section 1.0 presents general background information on RPIA

contamination and summarizes past investigations. Section 2.0 provides a
description of the abiotic environment, regional biota, and bioto within the

RMA study area and identifies important biological components as a basis for

evaluating RMA contamination. Section 3.0 is a brief summary of the methods

used in this biota assessment. A detailed description of study methods is

provided in the Task 9 Biota Assessment Final Technical Plan (ESE, 1988.

RICo88243R05). As part of the biota assessment, tissues from onimals found.3 1-1

I
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at sites of known or suspected contamination and from onpost and offpost

control areas were analyzed. Section 4.0 present& the resulting data on the

types and concentrations of contaminants in biological tissues from RMA.

Section 5.0 assesses the distribution and concentration of contaminants in S
biota and the associated abiotic environment to evaluate pathways for

contaminant movement within aquatic and terrestrial ecosystems, and

evaluates this information in relation to observed and possible effects.

This document presents the current nature and extent of contamination in

biota and is based on studies conducted in accordance with requirements for

the remedial investigation of biota under current applicable legislation.

1.1 . II..3AC[•,UNU

RMA was established in 1942 for manufacturing chemical and incendiary

munitions, and in later years was the site for demi.itarization

(destruction) of chemical ordnance. Throughout World War II %WWII), mustard

gas, chemical intermediate munitions, toxic end products, and incendiary

munitions were manufactured and assembled at RHA. From 1945 to 1950, R•IA

distilled stocks of Levinstein (H) mustard, demilitarized mustard-filled

3 shells, and test-fired 107-millimeter (mm) mortar rounds filled with smoke

and high explosives. Many different types oi obsolete WWII ordnance were

also destroyed by detonation or burning at that time. In this period and in

subsequent years the production, handling, or demilitarization of sarin

(GS), lewisite. arsenoux chloride, chlorine gas. cyanogen chloride (CK),

phosgene (CC), and incendiary bombs have occurred at RMA. Munitions filling

operations ceased in 1969. Since 1970, the primary U.S. Army activity at

RIA has been demilitarization of chemical warfare agents.

Industrial chemicals were manufactured at RMA by several different lease

holders from 1947 to 1982 (USATHAtA, 1984). In 1947, facilities not being
used by the Army in the South Plants area of RtA were leased to the Colorado

Fuealnd Iron Corporation (CF&I) for chemical manufacturing. CF&I

manufactured chlorinated benzenes, dichlorodiphenyltrichloroethane (DDT).

mnaphthalene, chlorine, and fused caustic. Julius Hyman and Company (Ilyman)

also occupied facilities in the South Plants in 1947. and produced

chlordane, aldrin. and dieldrin, and conducted pi'ot studies on endrin at

* 1-3
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* I
SMA (USA CWS, 1952). CF&I's lease on the chlortne/caustic plants was

terminated late in 1949. Hyman leased some of tho facilities previously

leased to CF&M and býegan producing chlorine and caustic in l150 (Hyman,

1953). Shell Chemical Company (SCC) acquired all the corporate stock of3 Hyman in May 1952, assuming pesticide manufacturing operations from this •

company. Products manufactured by SCC included insecticides (such as Akton,

* Aldrin, Azodrin, Ciodrin, Dieldrin, Landrin, Nudrin, Parathion. Pydrln,

Supona. and Vapona). herbicides (such as Atrazine, Bladex. and Planavin),

nematocides (such as dibromochloropropane and DO soil fumigant). chlorine p

and caustic (until 1953), adhesives. antlicers, curing agents, cutting oil

additives, gear oil additives, and lubrication greases. SCC stopped their

production activities in 1982. They continued to hold the lease on

facilities until 1987.

I Despite the industrial, military, and land management applications of the

past, R14A continues to contain a variety of terrestrial and aquatic

habitats. The majority of the land purchased for the establishment ot RItA

in 1942 had been used for agriculture. Since that time, RMA has been S
entirely fenced, and except for occasional grazing and agricultural permits

in the 1940's, has been closed to the public. Many of the undeveloped areas

in the northern and eastern portions of RMA contain gently sloped hills,

with grassy slopes interuixed with disturbed vegetation types and areas

replanted with crested wheatgrass. Industrial uses dominate the central

sections of W.A. while the reservoirs, riparian areas. and most trees are

found in the southern sections. The diversity of habitat, isolation of RtA

froa surrounding land use, and lack of public hunttng inside its border3 has

led to the great diversity of wildlife, rivalling that of any site on the P
Front Range corridor including the existing government parks and preserves.

Aquatic and riparian habitats are well represented on RPMA. ilthough only two

natural water bodies exist. The only stream crossing RMA is First Creek.

The only other natural water body at RItA is North Bog, where ground water

rises to the surface. Through Impoundments and barriers, the bog has been

made Into a small pond since the establishment of R, A (Cooper SL aL., 1980,

SRICo81336R18). The water and soils of North Bog have been contaminated in

* II ' II• I II II ~ II I
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the past by seepage through the various basins Into the water table, which
then flown up through the North Bog.I
The four reservoirs in the southern half of KHA, Lower Derby and Upper Derby
Lakes, and Lakes Mary and Ladora, are known collectively as the Lower Lakes
(see Figure 1.1-2). Lower Derby Lake is the largest reservoir at RHA, andcan be seen in its present location in pre-Arsenal (1937) aerial photographs
near the siall town of Derby, as can Lake Ladora (MKE, 1987). Lower Derby
and Lake Ladora were enlarged to provide cooling water for production
activities in the South Plants. Upper Derby Lake was created for the same
purpose soon after establishment of AMtA. These three lakes became
contaminated as a result of production activities at RNA. Lake Mary was
formerly a swampy area just below Lake Ladora. In 1960, the surface waterI flowing from Ladora was blocked behind a berm (EbASCO, 1986, RIC#87216R07).
Since its creation, Lake Mary has been used as a recreational area for both
visitors and onpost personnel.

Areas immediately bordering R, A exhibit varied land uses. To the north and
east, the land is primarily agricultural, although a great deal of business
and residential activity is planned nearby with the new Denver airport site
5 miles (ci) to the &ast of RMA. The southern border is lined by the Denver
residential community of Montbello, and the present Stapleton International
Airport. Commerce City borders R, A on the west, with both residential andindustrial land uses. The South Platte River is less than 2 mi from the
northwest border of RMA, and its drainage is included in the study area for
water resource assessments, as well as for offpost biots studies.

S1-.2 U19A•nLZ,-- oL/n-L_ .eaoLY
Waste disposal practices from manufacturing processes at RIA have included
routine discharge of industrial waste effluents to lined and unlined
evaporation basins and burial of solid wastes at various locations.
Unintentional spills of raw materials, process intermediates, and end
products have occurred within the manufacturing complexes at RMA.
Demilitarization and training with munitions have led to further
contamination of areas across RMIA. Contaminants have also been
unintentionally released into the Lower Lakes.

* 
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Some of the most isportant sources for contamination of blots on RkA are the

waite water basins located in Sections 26, 35, and 36 (Figure 1 1-2).

SWaiste water basins used at KMA caused appreciable damage to wildlife, The

Lower Lakes are also sites oe past contamination and wildlife damage.

However, the sites mentioned above were not the only possible locations of

contamination, The problem of contaminated ground water at MUA has been

recognized since the mid-1950's when ground water in wells just off RNA that

were used for irrigation resulted in crop damage and potential exposure to

wildlife. The Army produced Tx, an anit.-crop agent (wheat rust spores) non-3 hauardous to wildlife or human, on about 600 acres of wheat fields on RI4A

from 1962 to 1963. Within Section 36, there is historical evidence of

pesticide pits, munitions teasing areas, burn sites, settling ponds, and
trenches. Parts of Sections 3, 4, 5, &, 11. 12, 19, 20, 27, 29. 30, 31, 32.

and 35 of RHA contain some or all of the following: munitions impact areas.

burn sites, disposal pits, spill areas. and burial trenches. Contaminants

in these areas may include volatiles. pesticides, herbicides, inorganics

3 salts, Army chemical agents and their degradation products, and heavy

metals.

K complete history and assessment of contaminant levels and sources in the

mAUMA environment may be found in the Contamination Assessment Reports (CARs)

and the Remedial Investigation (KI) documents for each study area and medium

of the RMA environment. A more detailed history of contamination and waste

disposal at RNA is presented in Section 4.1 of this document.

1 . 3 LUVU[ILGAX.IsLS2U2UX

Mortality to wildlife, particularly waterfowl, from contamination sources on

3 RHMA was considerable in the past. The focus of documentation of this

mortality has been on the Basins and Lower Lakes. Past investigations of

wildlife have centered primarily on causes of mortality of waterfowl and

contaminant levels leading to injury In other wildlife. Since the late

19 40's. deaths and abnormal behavior have been recorded for several

3 waterfowl species and a variety of other birds. mainus, and fish in the

Lower Lakes. Subsequent observation and testing of these animals indicated

that wildlife found dead, dying, or displaying unusual behavior contained

high levels of dieldrin and other organochlorine compounds. The basin areas

* 1-7
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have been sites of major wildlife mortality as well. resulting from a

variety of GI agent by-products, pesticides, and heavy metals. Table 1.3-13 is a listing of wildlife injuries documented on RAA from 1949 to 0982. More

recent wildlife injuries are addresssed in this report, Additional data on3 contaminant levels in biota collected historically at RMA will be reviewed

in Section 4.1.

Varioum studies outlining the composition and diversity of wildlife have

been completed at RiA. Among those studies are baseline ecological surveys

"" by the Army at RMA by USA (1973). Fairbanks and Kolmer (1976, R1C#84219R01).

Cauthier a. a1. (1977, RIC81321RO1). and Thorne (1986a, RrC*86066ROi). The3 results of ecological studies are incorporated into the description of the

environment in Section 2.0.

1 1,.4 LET20IT EJIEW

This report includes information developed during th* assessment of biota in

i relation to AMA contamination. The general objectives of the biota

* assessment were:5 o To evaluate current and historical data on the sources. types.

distribution, and concentrations of RMA contaminants in biotdi

o To provide specific information on the migration and accumulation

of contaminants through regional food webs in relation to

important species and to overall ecosystem effects& and

0 o To assess the environmental effects of RMA contamination.

Data were obtained on the current distribution and concentration of
contamination In AMA biota and were evaluated in relation to chemical

contamination in the &biotic environment and to control sites outside the

defined AMA study area. Pathway analysis was used to examine reiationships

between the abiotic and biotic environment and among components of the biota

(e.g.. food webs). Additional studies of contaminant effects were conducted

in conjunction with contaminant distribution studies in order to determine

the relationships between observed adverse effects (e.S., reductions In

reproductive success) and RMA contamination.
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Studies were conducted in conformance with guidance provided in the National

Oil and Hazardous Substances Pollution Contingency Plan (NCP), 40 CFR Part

300 (EPA, 1985j) and the Guidance on Remedial Investigations under CERCLA

(EPA, 19851). The requirements for scoping the investigation, conducting p

the site assessment, and evaluating results were followed, as appropriate,

in conducting the remedial investigation of biots in a manner consistent

with current hazardous waste site cieanup legislation and site-specific

requirements.

RI•A contamination in biota has been documented since the 1950's. This

information on past history of contamination and contamination studies for

biota is summarized in this document, which focuses on current biota

contamination and its ecological effects. Information on contaminant •

concentrations in tissue (e.g., cottontail rabbit muscle) will also be used

in the offpost endangerment assessment that examines and quantifies the

wildlife pathway of human exposure and ; ddresses the extent of environmental

exposure.

Criteria developed as a result of biota pathways analyses can also be used

as a guide to site remediation and to determine the spatial distribution of

contamination above levels that adversely impact wildlife in abiotic media.

These criteria may also be selected as remedial action levels. if

appropriate. Quantitative evaluations of the location and distribution in

these media (e.g.. soil) will be evaluated in conjunction with other

considerations and incorporated into each of the aopropriate Study Area

Reports (SARs) as the Phase 11 data on contaminant distribution in these

mdia become available.

1 1
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2.0 IMUMNRSTAL SETTING()

IRUA occupies an area of low, rolling terrain characterized by grasslands,
shrublands, wetlands, aquatic habitats, and extensive weedy areas supporting

a variety of plant and wildlife species. The South Platte River flows

parallel to the northwest boundary &nd approaches to within 2 mi of RNA

(Figure 1.1-1). The eraa surroundinS RHA is lar8ely ratich/farmland, rural

and urban restdential, and industrial (Kolner and Anderson, 1977,
RIC*81I^ )R07).

Land north and east of RIA consists mostly of rangeland (grassland) and

land used for dryland agriculture. Rural residential developments are

scattered north and northwest of RMA. Urban developments and associated

industrial complexes include Commerce City (west) and Montbello (south).

The north runways of Denver's Stapleton International Airport extend into

the southwestern corner of RMA.

Cropland and range habitat north and east of RMA provide habitat for a

diversity of wtldlIfe, including game species such as cottontails,

ring-necked pheasants, and mourning doves. Lake and wetland areas at Barr

Lake State Park (Barr Lake), 5 mi to the northeast and downstream from RMA

support a variety of wildlife species and provide staging, breeding, and

resting areas for waterfowl; habitat for edible fish species: and winter

habitat for the bald eagle, an endangered species.

2.1 EX•.ICAL.Ly1I3nK Z

2.1.1 PHYSIOGRAPHY AND SURFACE WATER

The topography in the vicinity of RMA consists of stream-valley lowlands

separated by gently rolling uplands. The maximum local topographic relief

in the area is about 200 feet (ft): the elevation above mean sea level (msl)

ranges from about 5,330 ft at the southeastern boundary of RMA to about

5,130 ft at the northwestern boundary of RMA. The average elevation across

RMA is 5,250 ft msl.

The South Platte River originates in the Rocky Mountains southwest of

Denver, and then flows in a general north-northeast direction before

2-I
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swinging to the east in the vicinity of Greeley, Colorado. The overall

zurface drainage in th. region is toward the northeast and into the South

Platte River. Natural tributaries flcwing from RMA to the South Platte

River drain to the northwest. All of RMA is drained by the South Platte

River and its tributaries (Figure 2.1-1). However, two major irrigation

canals, O'Brian Canal and Burlington Ditch, and several smaller ditches run

southwest to northeast between RiA and the South Platte River. O'Brian

Canal and Burlington Ditch receive drainage from RKA by interception of

First and Second Creeks. These flows are either stored in Barr Lake

reservoir or distributed into one or more of the many irrigation ditches

downstream, depending on the season and the quantity of water available.

The several mannade lakes and ponds on RHA, as well as several basins were

created for industrial cooling or the storage and disposal of chemical and

industrial waste (Figure 2.1-1). The Lower Lakes are supplied with water

from the Highline Lateral. Small ponds on RMA include Gun Club Pond, Havana

Ponds, Toxic Storage Yard Pond, and the North Bog. A more detailed account

of the physiography and the surface water of RMA is provided in the Water

Remedial Investigation Report (EBASCO. 1989).

2.1.2 CLIMATE

RiA is located at the western edge of the plains of Colorado and near the

foothills of the Rocky Mountains. The area is generally classified as mid-

latitude and semi-arid. Climate data were collected at Stapieton

International Airport, which is adjacent to RMA. Because of the close

proximity and relatively uniform topography between Stapelton International

Airport and RItA, the climatological and meterological conditions are

expected to be the same between the two sites.

The climate of this area is characterized by low relative humidity. abundant

sunshine, relatively low rainfall, moderate to high wind movement. tmd .

large daily change in temperature. The mean maximum temperatures range from

43 degrees Fahrenheit (OF) In January to 88°F In July. The mean minimum

temperatures are 161F in January to 59°F in July.

2-2
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Occasionally, a neterological phenomenon known as a Chinook wind descends

along the eastern slope of the state during winter months. These winds

bring large and sudden rises in temperature, as much as 250 to 35°F within a

few hours. These winds are warm because they are decreasing in elevation
and thus warming at the adiabatic rate (5.5011,000 ft). Chinook winds
greatly moderate winter temperatures in LMA vicinity.

As a result of Colorado's distance from major sources of moisture, such as
the V;•ic Ocean and the Gulf of Mexico, and the presence of the Rocky

Mou' orecipitation is relatively light in lower elevations. Storms

ori ,, . in the Pacific and moving eastward lose much of their moisture
as they pass over mountain ranges in western Colorado. Precipitation in the

RMA vicinity is approximately 15 inches per year. Spring is the wettest,

cloudiest, and windiest season. Fifty-one percent (%) of the total annualI O
precipitation falls between the months of April and July. Much of this
moisture falls as snow during the colder, earlier period of the season.

Summer precipitation comes mainly from scattered local thunderstorms during

the afternoons and evenings, particularly in July and August. In autumn,
there Is less cloudiness and a greater percentage of sunshine than at any

other time of the year: precipitation amounts to about 19% o, the annual

total. Winter has the least precipitation accumulation, (approximately 13%

of the annual total) and almost all of it is snow. There are approximately
93 days per year with a cloud cover of 30% or less. I

The prevailing winds at RIMA are from the south and south-southwest. Wind

speeds average about 9 mph annually. The windiest months are March and
April, with gusts as high as 65 mph. More detailed climate data for the RMA

region is provided in the Air RI report (ESE 1988a, RIC&8B263ROI).

S2.2 UEGIMAL,_•zzTA

Regional biota include plant and animal species that are known to occur on

and in the vicinity of RMA. Because of the large expanses of diverse

habitats, the same species that occur in the region also inhabit RIA. In
some instances the same species occur onpout and offpost. but their habitat

* ~2-4.
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* 6
use is different [e.g., bald eagles occupy breeding habitat at Barr Lake I
throughout the year while bald eagles migrating in from other areas use R.A

for up to five months for winter roosting, foraging, and daytime loafing

(ESE, 1988b)]. Appendix A lists the common and scientific names of plants

and animals occurring in the region, and their record of occurrence.

2.2.1 MAJOR ECOSYSTEMS

The region that includes RtA is characterized by small areas of diverse

habitats (e.g., tree groves, riparian woodlands, wetlands, ponds, and

surface streams) scattered throughout onpost and offpost grasslands%

pastureland. cropland, and urban areas also exist offpost. From an

ecological perspective these habitats can be focused into two major

ecosystem types: terrestrial and aquatic. Biota inhabiting various specific 1
habitats (e.g., ducks in wetlands, raptors in tree groves) are part of the

interconnected food webs and other Interactions of the two major ecosystems.

I ~ ~~~~2 -2. 1 I IarraLos.:m
Terrestrial ecosystems in the region are dominated by grassland,

interspersed with riparian woodland, small groves of trees. and weedy

herbaceous vegetation. Much of the offpost area north and east of RHA is

used either as pastureland or cropland, while areas south and west of RHA

are heavily urbanized.

RIHA lies within the North Temperate Grassland biowe (Shelford. 1963) whith

3 gengrally extends from north-central Texas into central Alberta, and from

Indiana into portions of California. The specific region including RIIA Is

referred to as the High Plains district of the Northern Great Platns

province. The region Is typically dominated by a mosaic of grassland

communities with a diverse component of forbs ("wildflowers"). Tall-grass

species tend to occur in the more mesic (moist) areas, with short-grass

species in more xeric (dry) sites. Throughout the regioni however, there

exists considerable gradation and mixing between the two extremes.

1 Periodic fires and grazing by pronghorn and large herds of bison may have

played a major historic role in maintaining the grassland vegetation. Most

I*I I I II I I I1- I I
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of the original vegetation has been destroyed in modern times by plowing of

native sod and overgrazing by domestic livestock. Control of firQ has also

caused shifts in species dominance. The following description is based on

the potential "climax" (i.e., long-term, self-sustaining) vegetation of the

region, as portrayed by Kuchler (1964).

O1tf-- Celminalties -- In Colorado, prairie grasslands occur mainly on the

Great Plains east of the Rocky Mountains. Prior to settlement, dominant

vegetation in the area was aid-grass prairie, interrupted by sparsely3 vegetated sand hills, with ribbons of riparian woodland and fragments of

tall-grass prairie along stream courses.

At the western edge of the Great Plains, where the prairies give way to

mountains, the grassland communities are mixed and variable, owing to

diversity of topography, soils, and climate. Variations in topography and

soils result in a mosaic of vegetation. Western wheatgrass dominates in

areas such as shallow depressions and broad drainageways where fine soil has

accumulated. Side-oats grams, prairie junegrass, little bluestem, and big 4
bluestem occur where soil moisture is more available. In moist bottomlands.

big bluestem can fori pure stands. Upland areas are characterized by short-

grass species, particularly blue grams. Farther east, a mixed short-grass

community of blue grams and buffalo grass prevails on uplands. Soils are

loamy, but runoff may be high and infiltration low so that available

moisture is confined to the first 2 ft of soil during most of the growing

season. Species with fibrous, shallow roots such as blue gram& and buffalo

grass are best adapted to these areas. Needle-and-thread. green

needlegrass, sand dropseed, western wheatgrass, red three-awn, and

threadleaf and neudieleaf sedges are also comn components of this

community. Important forbs in the short-grass and mid-grass communities

include prairie coneflower, dotted gayfeather, greenthread, silvery lupine,

and umbrella plant. Species diversity can be high in this vegetation zone

because of the variable but generally favorable substrate conditions.

On the sandy soils scattered across eastern Colorado, the prevalent species

include sand sagebeush, prairie sandreed, sand bluestem. switchgrass, red

three-awn, and Indian ricegrass. Important forbs include stiuflower

* 2-6
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scurfpea, bush morning-glory, and yucca. Rocky ridges may support little

bluestem, side-oats &rama, needle-and-thread, and ring suhly.

i Riparian woodlands and associated wetland areas follow the water courses out

of the mountains and onto the plains. Plains cottonwood and peachleaf P

3 willow dominate the overstory. with lesser numbers of box-elder and

hackberry. The understory includes shrubby willows and a variety of mid-

grass and tall-grasx species. Golden currant, wild rose, chokecherry, and

snowberry may also occur in •anic areast wild plum and hawthorn may form p

dense thickets in such sites. Cattills and bulrushes may dominate minor

drainages. Western wheatlrasa, inland saltgrass, and alkali sacmton are

conspicuous dominants on bottomlands with finer saline soils,

Historically, the occurrence of forbs in the grasslands hss varied with

substrate and microclimate, Common perennial forbs in addition to those

already named include scarlet globemallow, prairie aster, scarlet butterfly

i weed, prickly pear cactus, fringed sagewort, western wallflower, and

skaleton-weed. Annual forbs include plantain, prairie peppergrass, and

3 narrowleaf goosefoot. Six-weeks fescue, an annual grass, is also a

widespread component.

i The occurrence of shrubs is also variable across the plains of Colorado, and

is determined primarily by substrate and topography. Rubber rabbitbrush and

broom snakeweed probably have the widest distributions.

Suxasz• ioa.L.f-rcas•as -- Shantz (1911) developed a method of evaluating

agricultural potential based on extsting native vegetation. This system

designated the blue graml-buffalo grass areas as the most productive under

cultivation, when water was sufficient, Areas of deep sand, as indicated by

sand sagebrush. were designated as the least productive and most susceptible

to wind erosion. Today In eastern Colorado, remnant native vegetation is

Senerally located on sandy soils, which are less arable. Most of the short-

grass area has been in continuous cultivation for decades, or was cultivated

but then abandoned and covered by successional species. Even the remnant

unplowed areas have generally been altered by prolonged grazing of cattle,

and thus have been held in a disturbed or "discltmax" state. Since most of

* 2-7
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the original vegetation in the region has bees disturbed in one way or

another, a general description of succeasional processes for the area may

provide a aore realistic view of uncultivated regionasl vegetation than the

discussion of climax communities.

II
Successional development on disturbed areas surrounded by undisturbed

vegetation (and, hence, with a nearby seed source) generally begins with

colonization by annual forbs such as Russian-thistle. goosefoot, sunflower,

pigweed, prostrate knotweed, and various mustards. In some seasonst

3perennial forbs and a few perennial grasses invade. These persist for

several years. during which short-lived perennial grasses such as sand

dropseed and foxtail barley become more prevalent. Ultimately, the natural

transition to mixed prairie occurs as longer-lived grasses such as blue

grama and buffalo grass become established and dominate (Costello. 1944).

I If, at any time during this process, cheatgrass invades the disturbed area,

the successional process may be arrested at an early stage so that longer-

1 lived perennial grasses are prevented from establishing and predominating.

This process has occurred on disturbed areas in close proximity to I

cultivated or other disturbed lands throughout the RRA region.

Today, some unplowed areas contAin reliCt stands of native grassland,

although such communities are rare in the vicinity of RKHA. Natural

restoration of native grasslands is an extremely slow process, and thus,

little improvement may be evident in previously disturbed areas thai have

lain fallow for many years.

W.LLdLLiIz

The terrestrial fauna of the region is dominated by species of prairie.

steppe. and savannah communities. The diversity of wildlife near che

western edge of the plains is greatly enhanced by the diverse habitats

dispersed through the grasslands. These include conifers and mountain brush

on mesas extending east from the foothills, wetlands and adjacent

cottonwood/willow k-oodlands along drainages and lakes. shade trees or

shelterbelts around ranches and farms, and ornamental plantings in parks and

residential neighborhoods, This great diversity of habitats provides cover,

food, and reproductive habitat for many wildlife species. Approximately 471
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vertebrate species potentially occur on KMA (based on geographic ranges and

habitat preferences) and the nurrounding area (Appendix A). These include

23 reptile, 7 amphibian, 26 fish, 360 bird, and 55 mammal ap, cite.

Migratory as well an resident wildlife are repreasnted, In addition, a

3 diversity of Invertebrate species are represented.

The region supports a variety of asphibians and reptiles. Twenty-four of

the 30 species of reptiles and amphibians reportedly presenc In the region

are considered at least iairly common, while the remaining six species are

1 considered as uncommon or of unknown abundance (CDOW. 1901). The bullsnake.

western hognose snake, milk snake, and prairie rattlesnake are widespread

species in upland habitats. The bullsnake may he the most abundant reptile

throughout the area. Plains and common gartersnakes are common in lowland

habitats. Lizards in the region include the lesser earless lizard, short-

horned lizard, many-lined skink, and six-lIned racerunner.

3 A great diversity of bird life, including shorebirds, water birds, upland D

gamebirds, songbirds, and raptors, are found in the region. The lakes,

ponds, and associated wetlands scattered throughout the region support many

species of aquatic and marsh birds that feed In both terrestrial and aquatic

ecosystems. Common breeding birds include several species of waterfowl,

red-winged and yelleow-headed blackbirds, common yellowthroats and song

sparrows. Many species of waterfowl, including large numbers of Canada

geese, utilize these habitats during the winter,

I Some abundant breeding birds of habitats in the prairie include the western

meadowlark, lark bunting, horned lark, grasshopper soarrow, vesper sparrow,

and ring-necked pheasant (CDOW. 1982b; MKE. 1988). During winter, the

western meadowlark, horned lark, and ring-necked pheasant are among the

3 dominant prairie species.

3 The scattered trees. thickets, and woodlands found in the region provide

nesting habitat for black-billed magpies, eastern and western kingbirds,

house wrens, starlings, northern orioles, common grackles, lark sparrows,

loggerhead shrikes, American robins, and Northern flickers. The dark-eyed

junco. European starling, black-billed magpie, pine siskin, house finch,

i 2-9
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black-capped chickadee, northern flicker, brown creeper, and white-breasted

nutliu...h are common wintering birds of the woodland habitat.

Raptor. aor a conspicuous and important component of the regional blots.

3 Nesting raptors in the region include bald eagle, red-tailed hawk.

Swainson's hawk, Aserican kestrel, burrowing owl, and great horned owl.

Rough-legged hawks are comon during the winter, as are goloen eagles,

ferruginous hawks, red-tailed hawks, and northern harriers. The bald eagle

(a federally endangered species) also winters in the region. As many as 152 5

i bald eagles have been recorded in the central and northeast regions of

Colorado during the Colorado Division of Wildlife's (CDOW) midwinter bald

3agle counts (CDOW, 1988). Wintering owls include long-eared, short-eared,

barn, and great horned. 5U
The mammalian fauna of the region is varied and representative of the

diverse land uses. Small. maml trapping has indicated that large densities

of certain species may be present in some areas (Gat'thier ea al., 1977, 4

KIC#81321ROi). Among the most abundant are the deer mouse, prairie and

meadow voles, and Ord's kangaroo rat. Larger, more conspicuous rodents

include the black-tailed prairie dog, thirteen-lined ground squirrel, and

fox squirrel. Another abundant rodent, the plains pocket gopher, is

conspicuous due to the mounds of soil it produces at the surface when it

3 excavates its underground tunnels.

Lagomorphs (rabbits and hares) are conspicuous and common In the region.

IBack-tailed jackrabbits are widespread, bcing especially common in areas 5

with tall grass, forbs, or shrubs. White-tailed Jackrabbits are also

I despread, although less common. Desert cottontail rabbits are common In

rangelands, while eastern cottontail rabbits are found in riparian

woodlands. S

I Big Same mamals in the region includi mule deer, white-tailed deer. and

pronghorn. Mul,) deer are abundant on RKIA and around Barr Lake, often

concentrating in areas of tall weedy forbs, while white-tailed deer occupy

more wooded habitats, and drainge* basins throughout the area. Pronghorn3 occur locally in wide open rangelands and agricultural fields.

2-10
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The most comaon predatory mammals in the region are the coyote, badger. and

long-tailed weasel. Red foxes, gray foxes, swift foxes, and feral domestic3 dogs and cats are also locally common in the region.

2.2.1.2 4ua.Lc,._Fc•oaslJu

Prior to settlement of the region, aquatic resources were limited to the

South Plate River and its tributaries, and a small number of natural ponds

and lakes. Today, numerous impoundments provide the dominant aquatic

resource of the Front Range Urban Cortidor. These have been constructed for3 a variety of purposes. including us6 for livestock, domestic water supply,

flood control, irrigation storage, and recreation. For most of the natural

lakes and ponds in the region--as well as streams and artificial water

bodies--the aquatic community is constrained to a significant extent by

climate, management practices and water quality. The semi-arid climate,

irregular distribution of runoff events, and L-; of water for irrigation

typically result in widely fluctuating water levels. Salinity, alkalinity,

hardness, turbidity, and dissolved oxygen frequently limit the ability of a |

water body to support a viable fishery. The following subsections briefly

i characterize flowing or standing bodies of water in the region surrounding

RMA.

I
Streams with sufficient basin size and runoff for permanent flow generally

support an aquatic community. Most large permanent s:reams originate In the

mointains to the west, where heavier rainfall, an extensive snowpack, steep

terrain, and rocky soils contribute to the volume and persistence of flow.

A few have their headwaters in prairie uplands where seepage from rock

outcrops and greater precipitation are sufficient to sustain flows.

SRivers and creeks originating in the mountains are cold, swift. clear. and

highly oxygenated when they emerge onto the plains. They typically are also

well shaded by riparian trees and have rocky substrates. Primary production

in coldwater and coolwater reaches is generally limited to periphyton

attached to the coarse substrate. Macroinvertebrates are dominated by

crawling forms of insect larvae (e.g., caddisfltes, mayflies, and

stoneflies). Densities and diversities of these organisms are high; Lhey

2-il
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3 provide an abundant prey base for fish, especially trout. Cutthroat trout

are native to these waters, and three introduced species (rainbow, brown.

and brook) also occur. Native nongame fish in these stretches include the

longnose sucker, longnose dace, and Johnny darter.
I

I As the streams flow eastward onto the plains, they become slower and wider,

the amount of shading decreases, sediments become finer, and turbidity

Sincreases. Consequently, temperatures rise and oxygen levels fall. Primary

producers in these stretches shift from pnriphyton to phytoplankton and

3macrophytes. Macroinvertebrate communities also change, being dominated by

burrowing forms (e.g., dipteran larvae and oligochaete worms) and free-

swimming aquatic insects (e.g., water striders, water boatmen, and diving

beetles). Invertebrate diversities and densities are notably lower than in

the upper stream reaches. Vertebrate aquatic species potentially occurring

in the region include 26 fish and 7 amphibians. The ichthyofauna of these

reaches is composed of warmwater species. Native fishes of eastern Colorado

streams include the green sunfish, plains topminnow, plains killifish.

fathead minnow, common shiner, and red shiner. Channel catfish are native

Sin larger rivers especially farther east In the state and have also been

widely stocked.

K Amphibians present in the region Include northern leopard frog= and

bullfrogs in permanent water bodies. and plains spadefoot toads,

Woodhouses's toads, great plains toads, and chorus frogs in a wide range of

wetland habitats and temporary ponds. Tiger salamanders are found In both

I permanent and temporary water bodies.

3 Laks a.nd. onda

Regional lakes and ponds generally support a warmwater aquatic community.

Primary production Is mostly provided by phytoplankton and macrophytos.

Zooplankton. particularly copepods and cladocerans (water fleas), are an

Important component of standing water. Macroinvertebrates include many of

Dragonflies and damselflies are Important components of regional aquaticp habitats. as are snails and freshwater mussels.

3 2-12
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3 Fishes native to ponds and lakes in the region include the black bullhead,

green sunfish, orange-spotted sunfish, and fathead minnow. Most natural or

artificial ponds or small lakes of sufficient size, habitat quality, and

accessability have been stocked with gamefish for recreational use. Species S

* stocked are varied but frequently include panfish such as bluegill or

pumpkinseed sunfish and predators such as largemouth bass or northern pike.

Green sunfish, black bullhead, and channel catfish are also commonly

3 stocked. Larger ponds and lakes may be stocked with walleye, yellow perch,

and black crappie as well. Trout, especially rainbows and browns, are

3 frequently added for a put-and-take fishery. Carp are ubiquitous.

Lakes and ponds may support native populations of northern leopard frogs and

introduced bullfrogs. Marshy areas along pond margins may be used for

breeding by northern chorus frogs, Woodhouse's toads, and great plains

toads. Another anuran, the plains spadefoot, is sometimes found along

small, shallow ponds. Tiger salamanders also breed in these waters.

Aquatic turtles are a minor group in the region; only the western painted

turtle is likely to be encountered.I
2.2.2 RELATIONSHIP TO REGIONAL LAND USES

3 The area around RHA is subject to a variety of land uses that affect plant S

and animal abundance, distribution, and diversity both on and off RMA

(Figure 2.2-1). Areas to the east of RMA are presently devoted to dryland

farming of small grain crops (wheat, barley), vegetables, corn, and alfalfa.

Species diversity and abundance tend to be greatly reduced where intensive

agriculture is t'e dominant land use. Modern agricultural practices in the

region have eliminated fence rows and wind breaks that provide food and

3 cover for small mammals and birds. The control of "pest" species, most

notably prairie dogs, has reduced or eliminated certain species from local

areas. Rodent and insect control programs not only eliminate the pest

species but also reduce the amount of food available to predators.

I Agricultural land to the north of RZIA is used for dryland crops, Irrigated

crops, and grazing. Here again, intensive agricultural practices have '

I tended to reduce the diversity and abundance of vegetation and wildlife in

these areas. Areas that are overgrazed tend to encourage prairie dogs to

1 2-13
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either colonize those areas, or expand existing towns. Feedlots, which K')

attract large numbers of red-winged blackbirds and other grain-eating birds,

are common in the area, When prairie dogs or bird populations reach pest1 proportions, control programs are initiated to eliminate or severely reduce

the populations. Large acreages of sod farms north of RMA are virtually

devoid of wildlife.

Urban/ind.strlal development In Montbello and Commerce City has eliminated

much of the native vegetation and simultaneously reduced the indigenous

prairie wildlife species. This same urban development has subsequently

provided habitat for a variety of species adapted to a metropolita' setting.

Ornamental trees provide nesting areas for house finches, house sparrows.

starlings, and mourning doves. Bridges and commercial buildings provide

roosting areas for rock doves. Shade trees in residential areas, parks, and

cemeteries provide wooded areas for fox squirrels and eastern cottontails.

Large stretches of tha South Platte River from Sand Creek to the city of 0
Brighton are currently being used for an assortment of industrial uses.

Gravel excavation has consumed areas of once pristine riparian habitat.

Sewage treatment plants and oil refineries have also depleted areas of

wildlife habitat along the river.

iluntinS of large mammals, small mammals, waterfowl, and upland game birds is

a common occurrence in rural areas surrounding KMA. This activity further

limits animal populations that are already limited by Intensive agriculture.

Other species are indirectly affected by hunting. Raptors and other

predators rely on smaller birds and mammals for food: any decrease in the

priy base caused by hunting may decrease the ability of the land to support

predators. Raptors are also frequently shot. irrespective of federal lawsI I
that prohibit the killing of birds of prey.

Stapleton International Airport. including past expansion into Section 10

Iand ongoing expansion into Section q of RMA. maintains large open areas of

grasses and weedy focbs. rhese areas support populations of cottontails,

2-15
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jackrabbits and prairie dogs, and subsequently the raptors and mammalian

predators that feed on them. Other species such as deer may avoid areas 'f K.)
noise and disturbance and are thus generally absent from rý.. .. :port.

I

In contrast to these surrounding land uses, RHA provides a combination of

large acreages of diverse open habitats interspersed with laKes. small

wetland areas and wooded areas, a mixture of native grasses and tall weedy

forbs, and a lack of hunting pressure and disturbance that has contributed

to an abundance of many wildlife species. Many of the species are more

abundant than in similar areas off RMA. The abundance and availability of

prey species attracts avian and mammalian predators.

2.3 SILAIXZ_ A •

The study area used for these investigations included all of the RPIA and

also the PMO-RMA study area for the Offpost Contamination Assessment, which

includes Barr Lake and the upstream surface waters associated with it

(Figure 2.3-1). The offpost area has been defined on the basis of the

distribution of potentially contaminated ground water, surface water, and

sediments that may provide sources of contamination for plant and animal

species offpost.

2.3.1 TERRESTRIAL ECOSYSTEMS

Terrestrial ecosystems on RIIA are typical of the eastern plains of Colorado,

but land disturbances, habitat alterations, and management practices have

led to an increase in habitat diversity and a greater abundance of certamin

species.

2.3.1.1 YagatatLon

Vegetation at RMA is dominated by five broad community types: weedy torbs.

cheatgrass/weedy forbs, cheatgrass/perennial grassland, native perennial

grassland. and crested wheatgrass (Figure 2.3-2). These are open habit.its.

with only scattered trees and shrubs. Minor community types occur In areas

having specific substrate or moisture conditions. Although comprising i

small part of the total vegetation at RMA, these minor communities are

important ecologically because of the diverse plant and animal species they

support. Minor types at RP¶A include sand sagebrush shrubiand. rubber
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rabbitbrush shrubland, yucca grassland, cottonwood/willow stands, bottomland

meadows, cattail marshes. and ornamental trees and shrubs. The vegetation

on RMA was described in detail to provide a basis for evaluating

contamination in the flora and the habitat it provides. The resulting

detailed description of the vegetation on RIA is provided in Section 3,3.1.

2.3.1.2 WLdlif.a

The wildlife component of RNA and the control areas contains all the major

cormaon species and most of the less common species of the regional fauna. 1

For many species, populations at RMA are greater than in similar habitats

offsite, while some species are not as abundant. In most cases, animal

abundance at RMA appears to be related primarily to good habitat quality,

low levels of human disturbance, and the absence of hunting and livestock

grazing. The following subsections briefly describe existing wildlife

resources in the study area. Common and scientific names are provided in

* Appendix A.

&egi.LLSA3ndAmpkhiba"~

The most conspicuous reptiles at RMA are bullsnakes, which are frequently

observed sunning themselves along roadways. Other snakes regularly

encountered are the western hognose snake in sandy terrain, the common

gartersnake and plains gartersnake near water, and the yellow-bellied racer

and plains rattlesnake in a variety of habitats.

Three lizard species are known to inhabit RMA; the lesser earless lizard,

short-horned lizard, and the many-lined skink. No turtles have been

reported on RJA.

Probably the most abundant amphibian on KNA is the northern chortus frog.

This frog species breeds in large numbers in most cattail stands and

intermittent wet areas (such as Upper Derby Like). Two frog species, the

northern leopard frog and the bullfrog, are observed regularly in Lake Mary

and Lake Ladora. The leopard frog Is apparently more abundant than the

5bullfrog, and it was also observed in other wet areas, including the North

Bog.
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Woodhouses's toads, great plains toads, and plains spadefoot toads are

occasionally found as roadkills near the Lower Lakes. All three of these

species are heard calling from minor water bodies or intermittent wet areas

on RMA. Upper Derby Lake supports the largest population of chorusing

amphibians. Tiger salamanders are also observed on PFA, notably in the

North Bog.

Waterfowl are a conspicuous feature at AMA. Caaada geese are one of the

more abundant species observed. This species has become a common resident

along the Front Range in recent years and successfully breeds on RHA.

3 Dabbling (surface-feeding) ducks observed at RMA include the mallard,

northern pintail, gadwall, American wigeon, northern shoveler, blue-winged

teal, cinnamon teal, and green-winged teal. All of these species are common

on small ponds and lakes in the region. Dabbling ducks known to have nested

at RPtA during 1986 and 1987 were mallard, gadwall, blue-winged teal, and

I green-winged teal.

Diving ducks observed commonly on RHA include the canvasback, redhead, ring-
necked duck, lesser scaup, common goldeneye, and bufflehead. Of these, only

3 the redhead was documented to breed on the RiA. Diving ducks, unlike

dabbling ducks, typically occur on large waterbodLes. Lake Ladora (25 ha)

received the greatest use by migrating diving ducks. Lower Derby Lake (38

ha) was less heavily used, probably because of its generally shallower

depth. Additional diving ducks Include the common and hooded mergansers and

the ruddy duck, all of which were uncommon migrants. American coots and

pied-billed grates nested onsite and are among the most common species.

Western and eared grebes are present, primarily during the migration

seasons. Coots and grebes are ecologically similar to diving ducks.I
Wading birds observed at R.MA are the great blue heron and black-crowned

night-heron. Creat blue herons do not nest onpost, but feed regularly in

the shallows of the Lower Lakes, Havana Pond, and marshy areas along First

Creek. Black-crowned night-herons are l.-s frequently observed, but way

nest on RKiA. The closest known -,z4.ery for both these species is at RaFrr

Like,
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Gulls and shorebirds observed at RMA are typical for the region. The most

commonly observed species are herring and ring-billed gulls. killdeer,

3 American avocets, willets, greater and lesser yellowlegs, long-billed

dowitchers, and spotted sandpipers. Wilson's phalaropes. white-faced ibis,

Virginia rails, and soras are also observed. Kilideer and avocets nest

onpost in small numbers and the Virginia rail and the sara apparently nest

along the inlet of Lake Ladora, near Gun Club Pond. and on First Creek

northeast of the North Plants. Other water birds observed in summer but not

known to nest at RMA include white pelicans and double-crested cormorants.

I bradin sogbirs inope

The prevalent breeding songbirds in open (grassland, weedy forb, and shrub

steppe) habitats at RHA are the horned lark, western meadowlark, grasshopper

sparrow, and to a lesser extent the lark sparrow and lark bunting. Habitat

diversity is an important feature in attracting additional songbird species.

mature deciduous trees along roadsides or In small clumps are regularly used
for nesting by northern flickers, eastern and western kingbirds, black- P

billed magpies, American robins, loggerhead shrikes, northern orioles,

lesser goldfinches, and lark sparrows. Ornamental and shade trees near

buildings are especially attractive to house finches, house sparrows.

3 Brewer's blackbirds, common grackles, and starlings.

most of the species nesting in scattered trees also nest in riparian

woodlands. However. the more extensive and denser growth of trees in the

riparian areas, and the more diverse understory, provide nesting habitat for

a variety of additional species as well. Prominent among these are the

downy woodpecker, western wood-pewee. tree swallow, black-capped chickadee,

gray catbird, red-eyed virec, warbling viroo, yellow warbler. black-headed

grosboak, and indigo bunting. The riparian woodlands also attract a Large

number of species (both breeding and migrant) not otherwise found onpost.

These include numerous house wrens, ruby-crowned kinglets. Swainsons

thrushes, brown thrashers. orange-crowned warbiers, yellow-rumped warblers,

Wilsons awarblers, chipping sparrows, white-crowned sparrows. Lincoln's

sparrows, American goldfinches, and pine siskins. plus several less common

species.

2-21

IE



C- AA.-09D/5lORI.20.22
05/02/89

.1|

Other songbirds nesting on RNA include reA-wiajned blackbirds, yellow-headed

blackbirds, comon yellowthroa's, and xong sparrows in cattail marshes.

Rock doves, Say's phoebes. end barn s Allows are common around abandoned

buildings. In addition to supporting the typical breeding birds of eastern

* Colorado, RMA supports breeding populations of several species which breed

only locally or rarely on the eastern plaLns. The short-tared owl, tree

swallow, northern mockingbird. sage thrasher, and orchard oriole, as well

as other species, are in this category (CDOW, 1982b). Common winter birds

are the western meadowlark, horned lark, and water pipit in open areast the

3 American tree sparrow, dark eyed Junco, and whLte-crowned sparrow in brushy

areas; and the black-capped chickadee. brown creeper, and white-breasted

3 nuthatch in wooded areas. Other prominent winter species include northern

shrikes, and Townsend's solLtaxres, plus year round residents such as house

3 finches, house sparrows, starlings, and magpies.

A distinctive characteristic of RKA is the density of raptors present 4
particularly during winter. The abundance of prey, the distribution and

abundance of suitable nesting and perching habitat, ad the relative lack of

human disturbance contribute to high population densities of hawks and owls.3 Nineteen species of raptors were observed on RiA between 1985 and the end of

1988 (ESE, 1988b, RICo88174RO3; USFWS, 1988: MKE, 1988). Previous winter

surveys showed that hawk densities averaged approximacely five to six

individuals per square mile (Koamer and Anderson, 1977. R1Ceg8295R07).

Studies in 1988 (ESE. 1988b, RIC#88174RO3) confirmed high raptor densities

during the winter. Rough-legged hawks, ferrugLnous hawks, and red-tailed

hawks are common during the winter, as are golden eagles. Wintering owls

include long-eared, short-eared, barn, and great horned.

3 Two species of high federal interest, the bald eagle (a federally endangered

species) and the ferruginous hawk. are present in notably large numbers

3 during winter months. Recent winter raptor census work (ESE. 1988b,

RICo88174R03) indicated that the ferruginous hawk is the most abundant

wintering raptor on RMA. Wintering populations of the bald eagle in the

region include more than 20 bald eagles roosting on RMA during the winters

of 1986-1987, 1987-1988. Studies (ESE, 1988b. RiCa88174R03, USFWS 1989.
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SI Personnel Communication) indicated that bald eagles wintering on RMA feed

primarily on prairie dogs and rabbits, many of which are stolen from hawks,

mostly ferruginous hawks. Small numbers of bald eagles were seen in the

winter of 1985-1986, generally around the Lower Lakes, where they hunted

fish (MKE. 1987). However, systematic feeding observations during the

winters of 1986-1987 and 1987-1988, found very little evidence of eagles

feeding at the lakes (ESE, 1988b, RIC#88174R03). This may have been a

result of the lakes being frozen more during the latter two winters, but

even when the lakes were open little fishing behuvior was observed.

During the summer, red-tailed and Swainson's hawks, northern harriers and

SAmerican kestrels are common. Swainson's hawks and American kestrels are

the dominant breeders. Great horned. long-eared, short-eared, and burrowing

owls are also common breeders. Twenty-one raptor nests (not including

kestrel nests) were located across RMA in 1987 (Figure 2.3-3), and it is

likely that others, especially long-eared and burrowing owl nests. were

missed. Less common raptor species occurring on RMA are Cooper's and sharp-

skinned hawks, prairie falcons and Merlins, and occasionally turkey vultures

and Osprey.

Coyotes are the largest and most conspicuous carnivores that inhabit RMA.

3 The species is widespread on RMA, particularly in and near prairie dog

towns. Studies conducted in October and November 1986 suggested that the3 relative abundance of coyotes was higher on RMA than offpost locations in

eastern Colorado (MKE, 1988).

I Badgers are also common at RMA and are frequently observed in prairie dog

towns during night surveys. Red fox, gray fox, and swift fox were observed

on R.MA during biota assessment studies in 1985-1987, but abundance data were
not collected. Other carnivores present on R, A include raccoon. striped

skunk, and long-tailed weasel.

Both mule and white-tailed deer are common and conspicuous on RMA. Total

counts made in December 1986 were i33 mule deer and 22 white-tailed deer
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(CDOW, 1987). FivG replicate ground counts conducted by MKE on RMA in 1986-
1987 revealed up to 207 mule deer (mean . 179) and 56 white-tailed deer3 (mean - 42). These numbers are high for the region, and both species were
more abundant on RUA than at offpost comparison areas.

IDesert cottontails and black-tailed jackrabbits are abundanLt across RIA.
Eastern cottontails are present in thickets and riparian areas, and white-.
tailed jackrabbits are present in small numbers.

I
Black-tailed prairie dogs are the most conspicuous mammal on RPA, with p
extensive colonies covering approximately 5,000 acres (1,961 ha)(Clippinger, 1987). Aerial photographs and a review of the literature
indicate that the colonies have expanded in recent years. Studies conducted
in 1987 (ESE, 1988c, RIC#88204R01) estimated a minimum summer population

density of 20 prairie dogs per ha on RPIA, which is at the lower end of an
expected range of 22 to 32 for the species (King, 1955, Tileston and
Lechleitner, 1966). Other rodents observed at RHA Include thirteen-linedand spotted ground squirrels in opcn habitats, fox squirrels in riparianwoodlands, muskrnts on all permanent bodies of water, and a variety of
smaller species. Pocket gopher mounds are observed across most of RMA.3 Small mammals live-trapped in 1986 were the deer mouse. plains harvest
mouse, westurn harvest mouse, northern grasshopper mouse, prririe vole,

meadow vole, Ord's kangaroo rat, hispid pocket mouse, and silky pocket mouse(MKE, 1988). Tall weedy forb$, yucca, sand sagebrush, and cattails are the
most productive habitats for small rodents.

2.3.2 AQUATIC ECOSYSTEMSI
Aquatic habitats at RMA are largely the result of human development duringthe past few decades. The descriptions that follow are the results of3 aquatic studies conducted during 1986 through 1988 by MKE (1988) and are
discussed in more detail in their forthcoming report.
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2.3.2.1 L s-as nds

godies of standing water at RMA include four impoundmaents collectively known Y
as the Lower Lakes and several smaller ponds (Rod and Gun Clubý Havana or

South Gate, Toxic Storage Yard, and North Bog). The following subsections

briefly describe the lakes awd ponds at RHA. Greater detail is provided for

I Lakes Mary, Ladora, and Lower Derby in Section 3.3.2, because they are the

only large permanent water bodies on the Arsenal and thus are of greater

I ecological and recreational importance overall.

SUar:_azbx...Laka

This lake, the easternmost of the Lower Lakes, was built by the Army shortly

3 after RMA was established in order to increase the effectiveness of the lake

system for process cooling water. It is currently used only for flood and

overflow storage and thus is dry most of the year. If the lake were full,I
it would have a surface area of about 34 ha and an average depth of less

than 2 meters (im). The broad, shallow nature of Upper Derby Lake, the fact

/ . that it generally holds water only during the spring, and the presence of

rooted vegetation across most of the substrate make it suitable for breeding

j by certain amphibians. Springtime vocalization surveys documented

reproduction in Upper De.by Lake by northern chorus frogs, plains spadefoot

toads, Woodhouse's t.oc.s, and great plains toads. All but the last species

I were present in ]-ý,ge numbers.

This is the largest impoundment at RPA, with a surface area of about 38 ha

Sand an average depth of 2 to 3 m. Lower Derby Lake receives inflow from the

Irondale Gulch basin (including Upper Derby Lake) and two ditches (Uvalda

3 Interceptor and Highline Lateral), as well as runoff from the South Plants

area. Lower Derby existed as an irrigation reservoir prior Lo establishment3 of RMA, although it was enlarged by the Army and used for process cooling p

water.

This is the second largoir lake at RIA, with a surface area of about 25 ha,

ll The average depth is probably less than 2 m because of extensive shallows,

but the deepest areas In open water exceed 5 m. Lake Ladora is located

*I 2-26
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immediately below (west of) Lower Derby Lake, and like Lower Derby, Ladora

pre-dated RiA but was enlarged by the Army for process cooling water.

Yhis lake is much smaller than Ladora or Lower Derby, with a surface area of

only 3.2 ha. Average depth is about 2.7 m. Although it is located

immediately below Lake Ladora, Lake Mary was not part of the process cooling

water system. Rather, Lake Mary was constructed in 1960 as a recreational S

area.

This Is actually two separate ponds that coalesce during periods of peak

runoff. The poids are located just south of Lower Derby Lake in, a natural

depression that apparently was deepened by excavation between 1965 and 1971.

Although an overflow ditrh can carry water to it from Lower Derby Lake, Rod

and Gun Club Pond receives runoff primarily from the surrounding terrain.

There is no drainage outlet. The depression covers an area of just under

8 ha. but the pond itself covers only 2 ha and is less than 1 m deep.

Electrofishing and seining in 1987 failed to produce fish, but the pond was

documented to support breeding by northern chorus frogs and Woodhouse's

toads. Additionally, Rod and Gun Club Pond was an Important breeding area '

for waterfowl during the summer of 1984. Ruddy duck, American coot,

5 mallard, and blue-winged teal were observed either displaying breeding

behavior or with eggs or young (USFWS, Personal Communication. 1989).

Also called South Gate Pond, this small impoundment retains runoff from

residential. commercial, and industrial areas south of RMA, Most of the

water is carried into the pond by the Havana Street Interceptor and Peor La

3 Ditch, although sheet runoff from adjacent areas probably contributes some

additional water. Aquatic sampling was conducted at Havana Pond In 1')87

3 No fish were captured, but it supported large breeding populations of

northern chorus frogs and Woodhouses toads in spring. Observations

conducted in spring 1984 (USFWS. Per-qonai Communication, 1989) revealed
abundant numbers of waterfowl during migration.

3 2-27
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This is actually a series of three small ponds along First Creek. The ponds

were formed by constructing earthen dams in an area that was previously a

marshy depression. The dams have been breached, and only one small pond

covering less than 0.2 ha remains. Toxic Storage Yard Pond was not sampled

during field studies, but it presumably supports the same species as First

Creek (plains killifish, fathead minnow, green sunfish). Toxic Storage Yard

Pond currently is used for breeding by northern leopard frogs, northern

chorus frogs, Woodhouse's toads, and great plains toads.I
3 Located near the northern boundary of RMA just west of First Creek, North

Bog Pond covers approximately 0.8 ha. Before RMA was built, the area was a

small cattail marsh fed by a seep. The seep is now greatly augmented by

A excess water from the north boundary containment/treatment system. A

qualitative sampling effort in May 1987 resulted in the capture of several

large carp and numerous fathead minnows. The pond also supports breeding by

bullfrogs and northern leopard frogs, with northern chorus frogs and

Woodhouse's toads in adjacent cattail areas.

32.3.2.2 Streams

Surface runoff on RMA flows generally northwestward toward the South Platte

3 River, which roughly parallels the northwestern boundary of RMA at a

distance of about 3.2 km, Natural and artificial drainage channels on RMA

are described below.

I This is the largest and ecologically most important surface drainage on RPA

It drains most of the eastern half of the site (about 24 km 2 ) and has ,i3 total onsite length of 9,. km. First Creek has a maximum discharge clpacity

of 7 cubic meters per second (m 3 /sec) where it enters the southeastern

corner of the RMA in Section 8, and 8.5 m3 /sec as it exits at the northern

perimeter tn Section 24 (CO', 1983). Its average gradient across the site

1is .4 In/km. In dry years, the flow of First Creek on KMA is continuous

I 2-28;/ •,
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oaly during tho spring and followLng major storms, but it generally may be

characterized as a fairly persistent intermittent stream. The persistence

of flow is evidenced by well-developed hydrophytic and phreatophytic

vegetation along much of its length.

Several canals and ditches onpost contribute surface water to First Creek.

It also receives effluent from the sewage treatment plant and overflow water

from Upper Derby Lake, First Creek does not flow directly into the South

Platte River, but instead Is intercepted by O'Brian Canal and Burlington

Ditch arnd thence fed into Barr Lake north of RMA.

Qualitative samplin3 in First Creek revealed populations of plains killifish

and fathead minnows, &s well as a few small green sunfish. The irregular

flows and generally poor perifluvial habitat that currently characterize

most of First Creek undoubtedly limit Its value as an aquatic resource.

* 0

The extreme northeastern corner of RIA (about I km2 ) is part of the Second

Creek drainage basin. Total basin size of Second Creek is about half that

of First Creek, and It also is intermittent. Although Second Creek barely

enters the extreme northeastern corner of Section 20, it does not actually

cross KMA property. Second Creek is not currently connected to any orapost

surface water body, but It previously fed a network of agricultural

irrigation canals on what is now RlA land. At present, Secont: Creek is

intercepted by O'Brian Canal.

Besides First Creek, the only bodies of flowing water occurring within RMA

are various canals and ditches entering from the south. These ditches are

the Highline Latera. and Uvalda Interceptor, which enter from the south and

southeast and feed into Lower Derby Lake; Havana Street Interceptor and

Peori3 Ditch, which enter near the South Gate and flow into Havana Pond: and

Sand Creek Lateral, which inters west of Havana Pond and presently

terminates north of the No-th Plants. The Army has recently entered Into an

agreement with the City and County of Denver to design improved drainage

flow structures in the Fir-t Creek and Irondale basins.

2-29
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U
Ditches and canals on RMA represent extremely limited aquatic habitat

because of their highly irregular flows. However, most contain a small

amount of water during much of the year, and they probably contribute

aquatic invertebrates as well as water and sediments to the Lower Lakes.

The Highline Lateral may be a route by which fishes enter RMA waters during

periods of flow.

0
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3.0 SAMPLING AND ANALYSIS PROGRAM

Biota investigations were conducted by ESE in two phases so that the

sampling and analysis program could appropriately address current

contamination sites and sources. Information developed in Phase I was used

both to plan Phase II investigations and to provide a summary of past

contamination problems as a basis for preparing the complete Biota RI.

The Phase IT work plan was coordinated with the simultaneous investigations

being conducted by MKE so that duplication of effort would be avoided. The

vegetation and aquatic studies conducted by MKE provided information used to

describe current conditions and provide supplementary information on the

levels of biota contamination and related adverse effects. Rationale and a

brief methodology for the Phase II tasks are presented in Section 3.2.

Development of the work plan was facilitated through technical discussions

among representativec of the State of Colorado (Colorado Department of

Health (CDH) and CDOW), federal government (U.S. Army and U.S. Fish and

Wildlife Ser,,ice (USFWS)), Shell Oil Company (Shell), and their respective

contractors for biological studies in the Blota Assessment Subcommittee of

the RI Committee (now the Biota Assessment Working Group (BAWG)) developed

for this purpose. All studies and modifications were discussed in meetings

of the BAWC. This committee was formed in January 1986, and continued to

meet periodically throughout the biota a~sessment effort to discuss study

objectives, methods, and preli.ainary resalts.

3.1.1 OBJECTIVES

A major Phase I objective was to develop a single database that included

current and historical information on species presence and abundance:

contamination sources and locations; contaminant types. concentr•it lors. ind

distributions; biological effect, of contamination: and other data perttinent

to a comprehensive assessment of contarination in biota. Additional

objectives of Phase I were to provide specific information on pathways for

the movement of contaminants through the biota in conformance with the

3-1
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requirements of the NCP, to assess the potential for ecological effects and

human health hazards resulting from contamination of blots, and to develop a

work plan for any additional studies that were needed in order to provide an

adequate basis for assessing blots contamination. This work plan was

implemented as Phase I1.

3.1.2 METHODS

A comprehensive effort was made to obtain all pertinent sources of

information including RMA files, agency contacts, review of published

literature, and other sources as suggested in Guidance on Remedial

Investigations Under CERCLA (EPA, 19851). Execution of this phase was
accomplished in three tasks, each of which contributed to this preilminary

* assessment.

S•3.i. 2.1 ezn.#L~inass•a.s~en.L 5

This task consisted of collection and compilation of data from all available

regional sources and other pertinent literature. Major sources of

information included the Rocky Mountain Information Center (RIC) and

specific databases developed as part of the overall environmental assessment

at RMA. Appropriate agencies were contacted, including the USFWS. CDOW, and

local universities. Onpost data sources at RMA included reference

collections of specimens, as well as unpublished data from biological

information compiled since RMA's establishment in the 1940's. Pertinent

sources have been cited In the text and are documented in Section 7 0 of

3 this report.

A brief field survey was conducted within the defined study area to obtain

information on the occurrence, distribution, and general abundance of key

species of plants and animals. The distribution of major vegetation

communities was initially mapped by MKE based on recent aerial photographs

and limited ground-truthing. Subsequent fieid programs by both MKE and ESE

included future refinement of the -getation map. Incidental observations

on habitat disturbance, plant or animal mortalities, and general site

conditions were documented and incorporated into the general body of

pertinent Information.

3-2
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3.1. •2.2 Salaattnrrrtt.oJ ngr•mn

I Ceneral information on the toxicity and environmental behavior of chemical

contaminants at RMA was compiled in relation to biological resources, A review

i of pertinent literature and consultation with the U.S. Army Medical

Bioengineering Research and Development Laboratory personnel and other Army

contractors resulted in the development of selection criteria for identification S

of contaminants of potential concern to biota and the selection of the 39

contaminants of concern. These selection criteria were based on the data

documenting adverse effects of each potential contaminant of concern on

biological resources and/or through them to humans. This task was integrated S3 with the results of the Phase I contamination assessment to identify pathways to

be developed and key species to be studied.

3 3. 1. 2.3 CQOam~nagQL..nAses=nL 5

The Phase I contamination assessment focused on accumulating and 3nalyzing

pertinent information on three major areas:

o The species, populations, and interrelationships of biological

resources on RNA and within the offpost study area;

o The presence, distribution, and concentration of contaminants in the S 6
abiotic envirorment (e.g.. soil, surface water, ground water, and air):

and

o The effects of contaminants on various components in the regional

ecosystems.

3 Data frota past studies, and preliminary data from current environmental studies

were used to better define the present distribution of contaminants in the

abiotic environment. Evaluating the effects of these contaminants on species and

ecosystems Included the development of food webs and defining pathwayL for the

movement of contaminants through ecological systems. Seven subtasks were

involved In the Phase I contamination assessment.

o Species Inventory -- Species lists of plants and animals known to occur

or potentially occur within the RMA region were compiled. Information

on seasonal use (e.g.. migratory visitor, seasonal breeder, etc.) was

i included to help with construction of food chains and food webs,

identification of key species, and evaluation of potential biota

contamination.

I-
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"o Population Densities -- General information on the abundance of

key species was developed to assist in determining important

potential pathways of contamination movement within ecosystems and3 to provide a basis for estimating potential hazards to humans and

other consumers in regional food webs.

"o Food Habit Studies -- Available data from literature sources andI S
regional contacts was supplemented with incidental observations

during brief field visits to b.tter define potential contaminant

* pathways.

"o Food Webs -- Comprehensive (community) food webs were constructed

for each major ecosystem. Information on predators and prey was

organized into a computer database and analyzed to develop

preliminary food wes. The database was later used in conjunction

with information in gc,...ral abundance and site specific food

habits to determiL-j ujor pathways and select key species for

subsequent detailed food web analyses.

"o Field Survey -- Brief field vi3its were conducted throughout the

project study area (Section 2.3) to augment and update information

obtained from published sources, internal Army documents, and

agency/expert contacts. Any significant differences in vegetation

cover, land use. or other significant features were recorded and

incorporated into the Phase I contamination assessment,

Incidental observations of wildlife species (e.g., location,

behavior, feeding observations, etc.) were also rtcorded and used

when appropriate.

" Chemical Inventory -- Information was obtained on chemical

contaminants at RMA, including persistence. toxicity,

bioconceitration/bioaccumulation potential, and distribution Itt

the RMA environment. These data were used to preliminarily

identify contaminants and areas of concern.

"o Phase II Sampling Work Plan -- A Phase 11 work plan was developed

in response to data gaps identified during Phase I. Components of

this plan are presented in Section 3.2.I
I

3-4
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3.2 PHASE IT L NIES=tQIONS

3.2.1 OBJECTIVES

The two major objectives of the Phase II biota investigations were:

o To obtain quantitative information on the types, concentrations,

and distribution of RMA contaminants in biotat and

o To evaluate the adverse effects of R14A contamination in the

abiotic environment on biological systems.

The program design was integrated with other ongoing studies so that

concentrations of contaminants in abiotic media could be related to

contaminant levels and effects in biota. Both direct effects (e.g.. death.

disease, reduced reproductive success) and indirect effects (e.g..

alteration of food web relationships) Mere addressed. MKE data were used,

as appropriate, to augment existing information, to describe current •

conditions (particularly in the Lower lakes), and to evaluate contaminant

effects and contaminant pathways in biological systems.

3.2.2 METHODS
Several data deficiencies identified during Phase I led to the Phase II

program. Because both the Army and Shell were conducting biological studies

on RIIA, it was agreed that these investigations would be coordinated to

avoid duplication of effort and ensure that all Information necessary for

completion of the RI would be collected. Detailed study methods are •

described In the Task 9 Biota Assessment Final Technical Plan (ESE. 1988d,3 RIC88243R05) and in forthcoming reports from MKE for their vegetation,

wildlife, and aquatic ecosystem investigations.

New information obtained from Phase IT biota field investigations and other

sources (e.g. results of Phase I studies on contaminant distribution/levels

in other media, newly available documents) was consistent with the general

Phase I objectives, but at times led to appropriate modifications ot

specific study objectives within the Phase II Technical Plan. Additional

studies that were instituted after Phase 11 began (e.g., bald eagle foraging

and habitat use) are included as part ot Phase II.

3-5I
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Statistical analyses were conducted on data to detect any population and/or
chemical contaminant differences among sample groups. The general study
design involved at least one RMA sample group and one offpost control. For
less mobile species (e-g., earthworms, prairie dogs), onpost control groups
were also sampled. In some cases, samples were collected from more than one
site of potential contamination and from more than one season (e.g., winter

collection of prairie dogs) because of eagle pathway concerns.

3 A variety of statistical analyses were used for population and non-chemical

data, but non-parametric methods were used for all tissue contamination data
because variances were consistently heteroscedastic and distribution was
non-normal. The general analytical approach for each species was the same3in that a separate Kruskal-Wallis one-way ANOVA was used initially for each
contaminant, followed by a set of hierarchical a pr±nL contrasts consistent
with the experimental design. Where sample sizes were insufficient to S
detect differences, only descriptive statistics were prepared. Appendix B
presents the details of all statistical analyses conducted on biota data.I,
Contaminant, population, and acetylcholinesterase (AChE) inhibition studies
were designed to include equal numbers of samples from all onsite and
offsite locations. This was not always achieved for a variety of reasons.
Sufficient mallard eggs and fledglings could not be found in RMA lakes, and
earthworms were difficult to locate in the South Plants. Brain samples for
AChE testing were unequal, because some brains were damaged as a result of
head shots whil4 collecting animals for contaminant analysis. Where
parametric assumptions could not be met, nonparametric statistical
techniques still permitted analysis of results.

3.2.2.1 CQ/lactLu-S.Uss

Several of the investigations conducted in Phase II required sampiing of
contaminated and control areas in order to establish a relationship between3 conditions In onpost areas of contamination and background conditions in
areas not exposed to RJA contamination. Onpost contaminated collection3sites were selected based on the species being sampled and their proximity

I3-
3-bI
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to areas of known or potential abiotic contamination (Section 36, Section

26, Lower Lakes). Onpost, as well as offpost control sites, were used.

Onpost control areas were selected from areas where previous soil and ground

water investigations revealed no contamination. Maps of collection sites

from onpost contaminated and onpost control areas are provided in Section

4.3, along with the results of tissue analysis from biota collected from the

individual sites. Collection site locations for offpost control areas are

briefly described below. Offpost locations are shown in Figure 3.2-1.

Ag

Located approximately 5 mi north of RiA is a 1,900-acre (770 ha) lake lined

with stands of cottonwood trees, marshes, and aquatic plants. The south end

of the lake has been designated as a wildlife refuge providing habitat for

mule deer and white-tailed deer, large numbers of wintering and breeding

waterfowl, white pelicans, great blue herons, a wide variety of songbirds,

and numerous raptors. including a nesting pair of bald eagles. Control

samples collected from the Barr Lake area included ring-necked pheasants.

kestrels and kestrel eggs, and earthworms.

Located near the town of Wellington in northeastern Colorado, Wellington

State Wildlife Area is 2,100 acres (850 ha) of ponds, marshlands, and

grasslands. This area is owned and managed by the CDOW, primarily as a

refuqe for game birds. Control samples collected from this area include

mallrds and mallard eggs. cottontail rabbits, mule deer, and prairie dogs.

e awu~ei•a~L.Oza±._ra.Saands

Located north of Greeley, Colorado, the Pawnee National Grasslands Is a

patchwork network of public grasslands managed by the National Forest

Service, Rich in native flora and fauna, the Pawnee grasslands provide

habitat for pronghorn antelope. jackrabbits, cottontail rabbits. small

rodents. and raptors. Samples collected on Pawnee National Grasslands were

cottontail rabbits, mule deer, and kestrels.

3
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Located in the northeastern part of Aurora, Colorado, Aurora Environmental

Park consists of grasslands and small cottonwood riparian areas borderir.;

Sand Creek which flows northwest through the park. This area was .-d as a

control area for vegetation and grasshopper transects and for •|.: collection

of grasshoppers used as control samples in contaminant analy--.s studies.

Located directly east of Denver, Colorado, Buckley ANG is an active Air

National Guard Base providing runways, hangars, and training facilities for

military aircraft. The landscape of the area consists of scattered
barracks, military installations, and large areas of open grasslands.

Prairie dogs, cottontail rabbits, jackrabbits, and wintering raptors are

common on the installation. Buckley %NG was used for MKE offpost studies on

prairie dogs, breeding songbirds, cottontails and jackrabbits, small

mammals, and vegetation.

S•l~~~ain•Con~aa.UionaJ..E~•tC~l

Located south and adjacent to Buckley ANG, the PCC consists of 3 square

miles of grasslands and prairt.e habitat in Aurora, Colorado. Scattered

cottonwoods exist along Toil Cate Creek which bisects the PCC. Urban

development is rapidly encroaching on the PCC from the west and south. The
PCC provides habitat for pronghorn antelope, jackrabbit. cottontail rabbit.

small rodents, and raptors. The PCC was used as an offpost control area in

MKE studies for prairie dogs, breeding songbirds, cottontails rabbits,

jackrabbits, small mammals, and vegetation.I,
A small lake located in western Adams County. McKay Laka was used as the

offpost control site in aquatic studies. This lake is comparable to the

lower lakes in age, area, depth, adjacent vegetation. substrate, and water

quality, and supports most of the same fish species as the lower lakes.

I OLbarA_•eaa

Kestrel and mallard brains used in acetyicholinesterase studies and ggcs

used in chemical analysis were collected from areas that had been previously
* usdhihmclanlss c~ce
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used in similar studies conducted by the USFWS. Control sites used in the

collection of kestrel and mallard eggs included areas in the vicinity of

Fort Collins, Lake Cranby, Big Thompson River, Monte Vista National Wildlife

3 Refuge, Poudre River and Hot Sulphur Springs, Colorado (Figure 3.2-1).

3.2,2.2 EUJ•d_TnLn lgarJ.La

Studies were conducted to assess current conditions of biota In each major

site of contamination and in their corresponding control sites. The goals

of the field investigations were to detect and measure any differences

between biota from sites of contamination and those from control areas and

'I to assess whether detected differences might be attributable to RMA

contamination. The populations of four species (black-tailed prairie dog,3 mallard, ring-recked pheasant, and American kestrel) were studied in greater

detail. The prairie dog was of particular interest because of its

Impo-tance an a raptoE prey species.

A list of important wildlife species potentially occurring on RMA was

initially compiled. A plant or animal species may be considered important

for a variety of reasons. Federal laws have been enacted to protect species

that are -onsidered to be threatened with extinction. State laws have been

passed to provide protection to species that are threatened on a local or

statewide level Species may be considered important based on their

economic benefits, including recreational values or consumption by humans.

Other species are considered important because of their potential negative

impact on humans or other species. These Include disease vectors, pests

species, and species with expanding populations. 0

Species are considered important for the purposis of this report

(Table 3.2-1) if they meet any of the following criteria:

o Classified as federally threatened or endangered under the

Endangered Species Act of 1973, as amended (species listed as

candidate species for future consideration for inclusion ,,n the

I Endangered Species List),

o Listed as endangered by the State of Colorado,3 o Considered to be a Species of Special Concern by the CDOW (l"15).

3-10
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Table 3.2-1. Important Species Potentially Occurring On or Near Rocky
Mountain Arsenal. In Order of Importance Within Groups

U According to USFWS and the Colorado Wildlife Workshop, 1985.
(Page 1 of 4)

S.Laluz.& Observed
Common Name Scientific Name Federal State on RNA

Black-footed ferret dustlia nigripes E E
Swift fox YuJ.pas )LIP.o0 C X
Oppossum Didelpis uia rginiana. SE
Little brown bat MYU lucifugus SP
Big brown bat EplasaJ~us fusaus SP
Desert cottontail Sy1yilagu~s audubanii SD, C X
Eastern cottontail SylyilagLws Liazidanus SN. C X
White-tailed jackrabbit Lap"L Ltownseudii SD,.
Black-tailed jackrabbit Lapus ccinrnicu.s SN. C X
Thirteen-lined ground spermctghilus tidenemliaealus SD X

squirrel
Spottid ground squirrel Spez~pbhiiusapi.lusama SDX
Rock squirrel spetmapbilus V1a~galus SE
Black-tailed prairie dog C.Ynamy's ludamiaianus SE. SP. X

S1. C
Fox squirrel ainiucusa iger SP, SN. C X
Northern pocket gopher Ibn0momys taipctides SD. 515
Olive-backed pocket Rerogniartus fascJiaIu5 SD

muou se
Silky pocket mouse Eerognalhus flmI SD XIRaccoon 2LQCXn io1nr SR. SE X
Mink ~UsL1di4 'isou SE
Spotted skunk spiictgaid putorius SE
Striped sktirk ML;i'als nepb.Ll"i SE. SPIBobcat falls ZULUS SE
Coyote Canis 131raus C
Red fox /iuipes 'iU.l~aa GICray fox uroaxort ý3euLu X
Badger 144id~a L.aXUS CX
Muskrat 01ndalca. zibelhi~cus X 10
Mule deer QdQcaiieus hemionus CX
White-tailed deer QdoacLilaus yziaril.anu.' C
Pronghorn .AnIollupta amezl.:ana

Bald ea~gle daiigextus iducoutptialwa E
Peregrine falcon EaiL~u peregriaus E [L

Whooping cr~ine CrUS E IILeast tern slraa aalliilariu E E
Piping plover Char.~drlus welodus EE
Ferruginous hawk 3ULgU Leal C Si) X
Swainson s hawk Bu~gu !'aiasuai CU western snowy plover Charadrius .ieidC~u :;
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Table 3.2-1. Important Species Potentially Occurring On or Near Rocky
Mountain Arsenal. In Order of Importance Within Groups
According to USFWS and the Colorado Wildlife Workshop,
1985. (Page 2 of 4~)

Statua Observed
Common Name Scientific Name Federal State on RHA

Mountain plover Gbazadr±iis MQ.au C SD
Yellow-billed cockoo Coacyzus emericanus C SD
Long-billed curlew Njmen4.us azaricanus C SD
Golden eagle a~auia atrsaeLt.s H X
Prairie falcon Eaicn mexiaanua H SD X
Osprey PanAJion bal.iaatus H SD X
Northern goshawk Aclie &az.iilis H SE X
Cooper's hawk Ariie co~erii H X
Merlin Fai.ao calumbac.u~s H X
Burrowing owl Athene Quni"UJari.a H S1
Eastern screech-owli OL,.is aaio H X
Upland sandpiper Ia~tram4.a lazgliauda SD X
American bittern BQtaurLLs lan.Liginasu~s SD
Brown-headed cowbird malQ11rus atrez SN X
Eared grebe Zdliaes ni~iauoiiis SD. Sr X
European starling SIUKILus Yuizat.Ls SN X
American white pelican Belecantis bz~c ~~SE. SI X
Chihuahuan raven CwrLL Crplieuas SD
Mountain bluebird Sia.lia aurrucoides SD X
Western grebe Aeodwporus Qadeala1±i5 SD. Sf X
American dipper Uinc1UZ mezizaLLs SI
Loggerhead 3hi-ike Lan~ius ludoviijaus SD X
Great blue heron Ardea heodlas SE. S1
Forster's tern Sterna traLteri SI X
Fox sparrow eaaseeila~ J;.Iiaa SD.S1 X
Common nighthawk chor.1.ie minoL SD, S1 X
Yellow warbler Deadrcoiz peeli SDX
American a3vocet ecurLzyltslz ameriuaa SC X
Solitary vireo yirao sciilariu.ý XD
Black-throated

gray warbler DendrQiaa aierdý5cans
MacCillivray-s warbler Ou~tQLni4 LQiWiai I
Virginia's warbler Ve~zmiyata vitgin~ie Sl
Common poorwill khalacnoar.ilus Gullai~l. 1;D.
Common yellowthroat Q4LlPSLlbSSD
Savannah sparrow Pasetauls aaleai D
McCown's longspur cai~alu SICVU_ .(

Snowy egret E~ratla LflUla 5D
Black tern chlidoalas aijgL Si X
Lewis woodpecker meluezes idý SýD
Y -Ilow-heade~d blackbird n4botbhiLs panL ab~±u D X
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TOWu 1-21, Important Spc'c le Potonrit 1ly Occurring On or Nvar Rocky'
Wuntsitn Arsenal. In Or-der of lImportance Within Group~s

Aceording to USFWS Aind the Colorado Wildlife Workshop, .1905.
(Pae. I of 4)

I 0h8.rvod
Coawm)f Name Sc et it if v Name. Federal stdtfj on RJMA

I t-Anit a..aula) bar lclaC
CantadaAmi4i054 kai.~4 cu4dCS1a4.S G
White-frtinteti gooso AA*Azz 411b4lfuns C
Creator Snlow p v Chun k:4LUidxaII: C x
14)a X x A(005 a ~t a ha U4.11i

MelIlit Id 441AS IP1AJXhUl1UA x
mo.iodcn duck ALIAs di4.iA..

N&CKd1kA~s cub~lpas

INorthern P'lntilt A~ aciuLd
Qreen.-ý.Ingled tta A43 U~::
Bkut-Wingod t#lAoaa% d.Iwa~ut G X

CII'IK11ta Awls C YaUQpLttJ GC
American~ wIg~jon A~ims Awaiv.-II G x
Northern shoveler ALk UlYPOIAL G
Wooxd duck &1 Ap0a
R ledhead AyLbya ait.ticLI G X
Kitng-tneckod duck Ayiiyd %wIlacis X
caivas~h'i 'k ayLllya Vasiuiut&Lia X
Creacajr Seatl p AYCy aiak
Lootser Aylt*4ey '111uL U

ftst-ow s gldleno.y flsaP1L41 ±lsljdiLý.i

dufflohe.4d ACilAA.11OI
Oldaquaw CJdL1gUiiA 49Ai113
Caum-n eldor COAKI U11.3M
Whit-wdnged ucot or tilLU1 1".%a C

IAmericain coot fui4.ca amri~a.a X
Kind-necked phessant L!aau %uLc16u& C X
ChUK.Ir ell~Lca 1UlLirCX
Nottharn bobwhite Cuia girglalus C A
Scaliedquail CaliipsuiQ3~a Yuumla. G

MlI'ý e~njke Lap~pI Lr±.luIMLAJ.WSE

Iu I~A I IAM So 4aýI~.bla
4orthern L.vopicd trog &a~ ~u4 u ,.:111 U.
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Table 3.2-I. Important Species Potentially Occurring On or Near Rocky
Mountain Arsenal, In Order of Importance Within Groups
According to USFWS and the Colorado Wildlife Workshop, 1985.
(Page 4 of 4)

SItatu Observed
Common Name Scientific Name Federal State on PMA

------I ---- - -------------.---------------------------

Ral.nbow trout Sal= gai.rduia G X
Northern pike Esox luc.u G X

I Carp Cylptia Qarlo G x

Channel catfish lalurus puntalus G X
Black bullhead lai.lurus mal4a G x
Largemouth bass ap.tat•us saalnides C X
Cteen sunfish Lapjmis cyanlus C X
Pumpkinseed Lpomis gibboasu G x
Northern bluegill. Lgpomii macbit us C X
Black crappie komoQis nigroaculatus C X
Red-ear sunfish LAPOWIS miggolbops G x

1 Yellow perch a Liaesa1• 0n C X

Grasshopper lAUGPIU& sangulallaips x
Earthworm AQQsde app-. X

Aquatic Snails £bR aJ.la sp. x 0
Gxauius paruus X

I L~n~aa
"Leaead

E w Endangered
Candidate species

S - Species of Special Concern
E - Educational, scientific, or recreational value
P - Pest, nuisance, or health hazard
D - small or declining populations
I u Indicator. ecologically smnsitive species
N * Increasing, may nejatively impact other species

G - Came species
H - High Federal Interest

Sources: Fairbanks, R.L. and J. Kolmer, 197T.
Colorado Division of Wildlifu. 1 )81, 1'82j. I )d2b. "15
Federal Register. 1985.

D~ave Thorne, 1986a.
Morrison-Knudsen Engineers, Inc - l'M8
Colorado List of Migratory Birds ot High Federal Intorrst.

I
I
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o Used as game species that may be consumed by humans, or

o Serve as species of sp'ýrial ecologic value (e.g., major prey

species, predators, bioindicators, etc.).

Important wildlife species occurring on and near RHA were then surveyad by a

variety of standard methods and by recording incidental observations in

order to provide information on the occurrence, distribution, and relative

abundance of important vertebrate and invertebrate groups. More intensive

studies were used for select species of special ecological, regulatory, or

economic importance, and those considered useful as potential indicators of

contamination and habitat quality. Studies included both field studies and

contaminant analysis. The following sections provide brief methodologies of

field Investigations and coattaminant analyses on these select species.
S

i g~~~~ndanae~~ce

Endangered species received particular attention during Phase 1I studies.

Black-footed ferret surveys were conducted throughout the nearly 5,000 acres

of prairie dog towns during the summer of 1987 (July through September). p

The Survey was conducted at the request of the USFWS and was consistent with

the guidelines for such surveys (USFWS, 1986). Surveys were conducted from

vehicles at night using floodlights and spotlights. Survey teams were

composed of two people, at least one of whom had received USFWS

certification for black-footed ferret surveys. Detailed procedures are

describea in the Task '4 Biota Assessment Final Technical Plan (ESE, 1)88d,

R1CC88243RO5). No ferrets were observed during these surveys.

A bald eagle winter roost was discovered by ESE field personnel in December 5
1986. Field studies were begun immediately on this endangered species to

determine the feeding habits, habit.it use, prey. mnd numtber of indlvildtiils

using the roost These studies oontinu.td through the w,,iter of Ito-ID•ld to

obtain aiditkonal pertinent intormat.ion on the bald e.igLie s relat ion..i h1p to

RMA Lontaminat ion. Study components included midday censuses, roost ,coufnts,
casting analyses. and feeding observations. The eagle ;tudies were

supplemented with regular recording of data on other raptors observed lur Ing

vag)Je midd.ay ,ensjse# the results of studies conducted ,during the -trters;311 ''s',_e7 1.¶,1d , 'i-7 8 ire ;,imniariLed in th, final Bald E igle Study RKevnrt

3-15I
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(ESE. 1988b, RICo88174RO3) and discussed in relation to RMA contamination in

Section 5.3 of this document, These investigations were supplemented by

USFWS studies. Blood samples were collected by the USFWS from eagles during

both winters, and telemetry studies were initiated during the winter of

1987-1988 to obtain data on the movements and habitat use of eagles

3 throughout the region.

Visual counts of black-tailed prairie dogs were undertaken in summer 1987

following methods described by Fagerstone (1983). and Fagerstone and Biggins

(1986), and presented in detail in ESE (1988c. RIC#88204ROI). Objectives of

the study were to estimate minimum population densities and overall

5 distribution of prairie dogs at RIMA, and to determine the relationship of

this distribution to major sites of contamination. A subsequent study was

completed in January 1988 (ESE. i988c, RICoH820'ROR) to estimate the number

of prairie dogs available as prey for -aptors, including the bald eagle,

foraging on RMA. Results from these studies complemented USFWS regional

eagle studies and the simultaneous collection of prairie dogs for

contaminant analysis. In Sect ion 5.3 o this report. the results of both

summer and winter studies are used ýo quantify the effects oi RHA

contamination on biota.

I The January l088 survey to determine minimum prairie dog density in RMA had

the additional objective of evaluating the relative abundance of prunlrie

dogs at the three major prairie ,|og towns. These Jata -e;e inj,;,!eau 'o

determine it known .ireas ot :ont.imination .itntn the :eni.r, town , that

I included Section 36 adiacent to Basin A) had depressed po&uiation :'-ees

that might be related to ,ont:m n,•ntion . he s,ime visuil ,-oitnt Ing eit1ni.,e

was used as in summer stuuies, iut ,,ampi it i i .ts .'on1uic ei vi r ::iz :I; hulr,

(1000 to 1300 hrsi dhen prair~e dogs seemed to he t'wt ,tu e It ,'IL,

surface A tot ii I( :2 ;),ots -- re ,)hserv.'ei or .inter o.st J;i.Ito t"'

locations for ýinter .nu sutimer ý.urvevs Ire tnditcated on Figure 3 - '

ACht. :'ln it t i ton ost ing .. i; *,ndI.'tqd -M 'he hr.l1ln5 -t 1Itv..I, 1 10, 1iI ' rJ l3 J'IA� itd tin "itk br.mins 'if ,'ner ,,eie -ed -,pv ie Jes hi.u it .1.i . ,nt! .. , t

II
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available. Species in intimate contact with the soil (e.g.. prairie dogs) S
were of particular interest. This testing was performed using the basic
procedures described in Ellman at al. (1961) as modified by Dieter and Ludke
(1978) and Hill and Fleming (1982).

The brain tissue to be analyzed for AChE was frozen after collection, then D
partially thawed and homogenized with appropriate buffers. The assay
procedures were performed in triplicate and a mean value calculated for each
sample.

AChE analyses were run on 38 black-tailed prairie dog brains collected from
four locations: offpost control (n - 8), onpost control (n - 11). Section 36
(n - 14), and the Toxic Storage Yard (TSY) in Section 31 (n - 5). All
brains came from animals that were collected for contaminant analyses.
Sample sizes varied due to the number of brains available for analysis (some

animals were head shot during collection) and because soa,e areas were
sampled during summer and winter because of the concern regarding
contaminant levels in the winter prey of bald eagles-

*
AChE tests were also conducted on cottontail brain tissue from three
locations: onpost control (n a 11), offpost control (n - 8), and RMA Section3 36 area (n w 8).

lne~bral~a_£.cu.Lax~ona

Three invertebrate groups were studied to evaluate potential contaminant
effects on their populations. Invertebrates were selected for sampling
because of their potential importance in regional ecosystems, because some
species are known to bloaccumulate contaminants, and because they can serve
as indicators of contamination effects Earthworms were selected because ()f

their role as detritivores In terrestrial ecosystems and their intimate
association ýtth the soil medium. Crasshoppers were selected hecuse They
are abundant herbivorrs in terrestrial ecosystems and provide a prey bos•e
for ,a variety of other wildllie, !ncluding American kestreis Aquatic3 snails have a past histnry of contamination at RMA and were sampled hecdusik
they have high bioaccumulatiorn potential tor organochiorine pe:stikidv ind3smetals contamtnat ion, )nd bec 'use ot their potent iii I[po ttahce is .1 pdt wmv

3-1d
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of contamination through aquatic food webs (e.g., their importance in the

3 diet of waterfowl prior to egg-laying). Earthworms and grasshoppers were

also sampled for contaminants, but the low volume and weight of snail

samples precluded chemical analysis for this group.

Earthworm populations were sampled in the spring of 1987 by physical

excavation of known soil volumes (1-m square plots dug to a depth of

approximately 15 cm) and hand sorting to remove worms. Sample sites were

selected in the South Plants, at an onpost control site in Section 5. and

near Barr Lake offpost. Sites were selected on the basis of similar soil

3 type. Other potential sample sites were eliminated on the basis of absence

of vegetation and soil compactiLn which would limit interpretation of

results. Sample plot locations were randomly selected within each study

site except for the South Plants where sampling was limited to areas of P
suitable substrate.

Grasshopper abundance was estimated using a standard ocular technique
(Thompson, 1986). Ten plots of 0.1 m2 were established at 1O-m intervals P

along five 100-m transects located in each onpost site of contamination and

in offpost control areas at the Wellington Wildlife .rea and Aurora

Environmental Park. Surveys were conducted by walking ilong the transect

and countin6 grasshoppers present in each plot. Grasshoppers for

contaminant analyses were collected from the vicinity of population

transects following population surveys. Pilot studies were conducted in the3 summer of 1986, followed by i complete' field study in the summer of 1'?7

)S

Snail samples were collected in five onpost lakes (Ladora, Lower Derby.

Mary. North Bog, and Gun Club Pond) and two oifpost control lakes :at

Wellington Stite Wildlife Area during the summer of L986 .;nd again during

the summer of 1987. Snails and vegetative substrate were removed Ironm ten

0.25-rn 2 quadrants at randomly selected locations around each body of ,tter .

Snails were counted and weighed tor each quadrant ind vegetation ý-thst rate

3 was also weighed.

!S
3- I'

3
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i ii
One of the control lakes sampled in 1986 was dry in 1987. A new lake at the S
Wellington Wildlife Area was sampled instead which prevented the use of a

more powerful two way ANOVA. Separate one way ANOVA analyses were

3performed, using parametric and non-parametric methods, for eacn year, for

snail weight and for snail numbers. Details of statistical analyses are

reported in Appendix B of this report.

Toxic chemical effects have been well documented for ducks and other birds

inhabiting RMA. Based on both kestrel and waterfowl studies. avian

mortality continued at gMA into the early 1980's, although recent effects

appear to be less severe than in the past (McEwen and DeWeese. 1984,

RIC#87091RO3; Adrian, 1986). The thL'ee bird species selected for study wereU
American kestrel (small raptor with limiteL nome range and reported to be

adversely affected by contamination on RMA in the past), ring-necked

pheasants (terrestrial game species), and mallard (common waterfowl species

in the region).I * I
The avian reproduction success studies were a follow-up of the 1982-83

American kestrel investigations and was expanded to include nesting success

of ring-necked pheasants and mallards. Study of brain acetylcholLnesterase

activity was also added in 1986. Collection of eggs and birds for

determination of orga.nochlorine concentrations was continue.. The major I
objectives of the study were:

0 To determine organochlorine concentr3tions in and nesting success

of American kestrels and to compare current findings with the 1982

and 1983 results and with data on concurrent controls as an

indication of trends in terrestrial contamination at RMA.

o To measure concentrations of xenobiotic chemicals in eggs and

young of mallards and pheasants and examine the relationship to

their reproductive success. Methods and study area locations are

discussed In detail in the Final Biota Assessment Technical Plan

(ESE. 1988).

I The design of the kestrel study involved placing about 4.5 nest boxes to

attract kestrels in each of three areas:

3-20
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o Within the confines of RMA (Figure 3.2-3);3 o A near-zone outside RMA boundaries but within 10 miles

(Figure 3.2-4); and

o A control group in northeastern Colorado > 40 miles away

(Figure 3.2-4). 0

U One egg was collecced for chemical analysis from each active nest box

(Figure 3.2-5) in the three areas each year and the remaining eggs were left3 for observations on hatching success and production of young. A

representative sample of young kestrels was also collected for chemical3 analysis prior to fledgling (one per nest from some of the nests in each

area). Offpost control sites for kestrels were located north of RMA.

Ring-necked pheasant brood counts were conducted In both control and RMA

areas from August 7 through 28, 1986 'Figures 3.2-6a and 3.2-6b). Each of

four routes per area was counted six times during this period. Routes were

each 6 miles in length and took from 25 to 42 minutes to traverse. During

the census runs, age and sex of birds observed were determined if possible.

In 1984. a limited survey of waterfowl nesting success at RMtA was conducted

by USFWS (McEwen and DeWeese. 1985). Fewer nests and broods of young were

found than were expected in the habitat available. A total of 36 eggs were

collected for chemical analysis from 30 nests of three species -- mallard,

Canada goose. and American coot. Twenty-one young birds of these same

species plus redheads were also collected for analysis. Funding

restrictions permitted organochlorine analysis of only 16 of the eggs and3 breast muscle from 12 of the young.

Waterfowl were observed on six RMA iakes and six control tlkes in north-

eastern Larimer County during the period August 7 to 28. 19'86 (Figures

3.2-7a and 3.2-7b). Total watertowl of fotr groups, dabbling ducks, diving

ducks. American coots. and Canada geese were counted. Young of the year

could not be identified in all cases.

U Mallard and pheasant nests were sought tn all suitable habitat Including the3 Lower Lakes, Gun Club Pond, and North Bog (Figure 3.2-8). The number uf

3-21
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egis in the clutch was recorded and cne egg was collected from each nest for

contaminant analysis. Egg weight, volume, dimensions, shell thickness, and

state of development were recorded for each egg collected. The nest was

later rechecked to determine tIe fate of remaining eggs. Regular systematic

mallard and pheasant brood surveys were conducted from June through July

1986 to determine brood size and successful fledging. One bird from each

brood was collected from each successful nest for necropsy and chemical

analysis.

3.2.2.3 Contmtnant Anfl1ja 0
The objectives of this study were to determine the concentrations and type

of RMA contaminants in the tissues of key species of biota at R.A and at

offpost control sites. Results of these analyses provided an inventory of

contaminant levels in various biological components at RMA and distribution

of contamination in important species and along major pathways throughout

regional ecosystems. This information was used in evaluating possible

contaminant effects (e.g., avian reproductive success, prairie dog

population densities, raptor mortalities, and potential hazards to humans

and endangered species) through the consumption of Arsenal contaminated

biota. Species, tissues, and contaminants selected for study and the

methods of analysis were discussed in detail in the BAWG meetings. Analyses

of samples from onpost nonsource and offpost areas provided data to assess

local (RKA) and regional background contamination levels, to compare levals

of contamination in biota from contaminated sites with regional background

levels, and to determine the extent of contamination in biota throughout

RMHA.

Biological tissue samples of selected species were collected for analysis

from known sites of contamination on RMA, from nonsource areas onpost (for

sedentary species). and fr(m offpost control areas. Key species for

analysis were selected basod on the following criteria: ,

o Are listed as federally threatened or endangered. or considered

as a candidate species by the USFWS:

c Are considered important components of regional ecosystems (e.g..

abundant prey for other important species):

o Contribute to representation of the range of trophic levels:
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"o Are economically important (e.g., game and post species): and

"o Represent a higher trophic level in food chains/webs in regional

ecosystems.

The samples collected on RMA by the USFWS and made available for this study

were evaluated to select those species that would provide additional

information without duplication of samples being collected under the

prescribed design. Tissues selected for analysis for each species were

based on the probable fate of the organism within a food web or because of

its particular status. Thus, for prairie dogs and other typical prey

species the carcass, as consumed by higher predators, was analyzed. The

head, feet, fur and gastrointestinal tract (stomach and intestines) were

removed from such carcasses. Special care was taken to retain all body fat

with the carcass. In animals such as cottontails that would also be

consumed by humans (who eat primarily muscle), muscle tissue only was

analyzed. Samples for chemical analysis from two other sources, animals

found dead on RMA and samples collected by USFWS. The collection and

preservation of animals found dead on RHA, particularly species that 4

occurred at higher trophic levels and could not be otherwise collected

without potentially adverse effects to their populations (e.g., captors such

as hawks, owls, and eagles), was an important portion of the contaminant

analysis program.

Additional prairie dog samples were collected by Shell/MKE for tissue

analysis. Prairie dogs were collected on RMA from sites near contamination

(Section 26 and 36) and from areas removed from major sites of contamination

(Sections 30, 27, and 9). Prairie dogs were also collected at Buckley ANC

as an offsite comparison, All prairie dogs were collected in September and

October 1986 and were mainLained in ultracold storage (-30°C) until the time

of sample preparation immediately prior to analysis. Analyses were

performed to USATHAMA certifications. Analytes were arsenic. mercury.

aldrin. dieldrin. endrin, DDT, and DDE.

At the time of collection, each prairie dog was separated into three

subsamples: skin and fur, skeletal muscle (meat), and viscera (liver.

lunds, heart, and kidneys). At the time of analysis, the meat and v~scer;i
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subsamples were combined for each prairie dog. This was done so that the

results would reflect contaminant concentrations in the tissuea

preferentially consumed by predators, especially birds of prey.

Compounds selected as contaminants of concern to biots met the following

criteria:

o Present in the RHA environment above ambient concentrations:

o Rated at least moderately toxic: and

o Volume and persistence information indicate that the chemical was

present i the environment in sufficient quantity and/or for a

long enough period of time to pose a hazard to blots.

Thirty-nine contaminants were selected for evaluation based on this approach

(ESE, 1988d, RIC*88243R05). Toxicity assessments were prepared for all 39 p

contaminants of concern to biota (Section 5.1). These - sessmants summarize

pertinent information on the nature and extent of existing or potential

hazard to wildlife.

From the list of 39 contaminants of concern, seven were identified as maior

contaminants of concern based on the following criteria:

"o Found in elevated levels in biota based on past studies;

"o Found in the physical environment for biota at R1HA (soil, surface

water, ground water at depths of less than 20 ft) based on current P

studiest

"o Occurred in high volumes and/or with an areal extent of >5 acres:

and

"o Occurrence/concentration in tissues could be related to any known

adverse effects.

The seven major contaminants of concern (aldrin, arsenic. DBCP, dieldrin,

isodrin. and mercury) were selected for detailed pathways anaLysis.

Contaminants to be analyzed in biota tissue (target analytes) were selpted

from the list of major contaminants of concern. DDE and DDT, thougl not

major contaminant3 of concern, were included as target analytes because of

their environmental persistence and toxicity even though they did not meet

the criteria of areal extent (>5 acres) in the biosphere based on the data

3-32

S

./

0 0 0 • 0 0 4



|(

C-RMA-09D/BIORI •30.33
05/02/89

available from Phase I water and soils studies. Two major contaminants of

concern were not chosen as target analytes. DBCP, although toxic, does not
bioaccumulate significantly, while isodrin, an analog of endrin, is
converted to endrin by metabolic processes. The seven target analytes then
are aldrin, arsenic, DDE, DDT, digldrin, endrin, and mercury. 0

The methods for chemical analyses of selected tissues from key species for

organochlorine pesticides (aldrin, dieldrin, DDE, DDT, and endrin) and

aetals (arsenic and mercury) were certified under the 1985 USATHAMA QA Plan.
Additional information on chemical storage. processing, documentation, and

analysis is provided in Section 4.0 of the Phase II Task 9 Biota Assessment

Final Technical Plan (ESE, 1988d, RICo88243RO5). Table 3.2-2 lists the
species, tissues, and chemicals selected for analysis. Detailed lists of

biota and sample locations are provided in the Technical Plan and discussed •

further in Sections 4.0 and 5.0.

3.2.2.4 nt natalhwa•_-nd-AaraptabliaCriA•LL-_•ilopmnt

Food webs involving key species of concern (e.g.. endangered species,
economically important species, species representative of specific trophic

levels, species at higher trophic levels, and Important prey species, were

developed for terrestriaL and aquatic ecosystems at RMA. These webs were
developed on the basis of food habits information from the literature, from

gut content analysis for animals sampled at RHA, and from observations at

RMA.

Toxicity assessments were prepared for all contaminants of potential concern

to biota (Section 5.1). These assessments summarize pertinent information S
on the nature and extent of existing or potential hazard to wildlife. These

data will be incorporated with information on the -oncentration and

distribution of these contaminants in physical "nedia, currently being

developed under other environmental assessment tasks, in the onpost atnd
S

offpost endangerment assessment tasks to provide a quantitative evaluation
of RMA contaminant hazards to biota for each of the defined study areas.

The chemicals identified as major contaminants of concern based on their

presence In the biosphere (aldrin/dieldrin, arsenic. DBCP, endrin/isodrin,
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Table 3.2-2. Species and Contaminants for Tissue Analysis (page 1 of 2) 0

Estimated Number of
_SaM•p1_ AngIy.jad for

Species/Group Locations* As Hg OCPs* DDE/DDT T1ssues

Black-tailed RMA, Sec. 36 (sum) 8 8 8 carcass
Prairie Dog Control (on, sum) 8 8 8

Control (off, sum) 8 8 8
RMA, Sec. 36 (win) 5 5 5
Tox. Yard (win) 5 5 5
Control (on, win) 5 5 5

Desert RMA, Sec. 36 8 8 8 muscle
Cottontail Control (on) a 8 8

Control (off) 8 8 8

Mule Deer RMA 9 9 9 muscle 0
Control (off) 3 3 3
RMA 9 9 9 liver
Control (off) 3 3 3

Mallard RMA 8 8 8 egg
RMA 8 8 8 fledgling
RZA 8 8 8 ad. carcass
Control (off) 8 8 8 egg
Control (off) a a 8 fledgling
Control (off) 8 8 8 ad. carcass

Ring-necked RMA 8 8 8 8 egg
Pheasant RMA 8 a 8 8 juv. carcass

RiA 8 8 8 8 ad. carcass
Control (off) 8 8 8 8 egg
Control (off) 8 8 8 8 juv. carcass
Control (off) 8 8 8 8 ad. carcass

American Kestrel RMA 10 10 10 egg
RMA 10 10 10 fledgling •
Control (off) 10 10 t0 egg
Control (off) 10 10 10 fledgling

Earthworms RMA, South Plants 3 3 3 3 compostte
RNA. control 3 3 3 3

I
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* •
Table 3.2-2 Species and Contaminants for Tissue Analysis (continued,

i Page 2 of 2)

Estimated Number of
gamp~leg An&LXAUa r_.Io.

Species/group Locations* As Hg OCPs* DDE/DDT TissuesIm

SGrasshoppers RMA, Sec. 36 3 3 3 3 composite
P-RA, Sec. 26 3 3 3 3
RMtA, control 3 3 3 3
Control (off) 3 3 3 3

Aquatic RMA Lakes 5 5 whole plant
Macrophytes Control (off) 5 5

Common Sunflower RMA. Secs. 26 & 36 8 8 8 8 leaves, flowers
Control (on) 2 2 2 2

Morning Glory RMA, Sec. 36 4 4 4 4 whole plant
Control (on) 2 2 2 2

3 Samples of Chance MA & offpost 50 80 80 50 liver and brain

USFWS samples RMA & offpost 40 40 40 40 see text.

Section 5.1

I
OCP = the organochlorine pesticides (aldrin, dieldrin, and endrin).

S* ~~~SU •SM me

asum *
win - winter
on • onpostI off s offpost

SourLe: ESE. 1988

I
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and mercury) were selected for detailed pathway analysis. The pathway

approach was used to develop criteria levels in soil, water, and sediment

for the protection of regional blota and to evaluate existing levels to

determine the nature and extent of contaminant hazards to biota. Pathway

Analyses for major contaminants of concern to biota are presented in

Section 5.2 of this document.

Pathway Analyses involved a multiple food chs .n approach to address the

possible bioaccumulation of major contaminants within food webs. The model

incorporated information from published sources, regional contacts, and site

specific data. Separate food webs were developed for terrestrial and

aquatic systems.

I

The Pathway Analysis uses the lowest tissue concentrations that are

correlated with adverse effects, and establishes acceptable ("no effects")

criteria in water, sediment, and soil. The water ingestion pathway uses

either a No Observed Effects Level (NOEL) or Lowest Observed Adverse Effects

Level (LOAEL) for each contaminant, adjusted with daily water intake to

yield an acceptable concentration in water. The lowest concentration

provided by these two levels is used as the accepted no effects

concentration in water. The no effects criteria for sediment were based on

those for water. No effects levels for soils were also based on the NOEL

and LOAEL adjusted as appropriate by a biomagnification factor. Details of

the application of this approach are provided in Section 5.2.

The acceptable (no effects) levels are used in this document to evaluate

potential adverse effects on biota as is appropriate for the biota segment

of the RMA Remedial Investigation. This approach will be Integrated with

the endangerment assessment process and will lead to the development of

potential cleanup criteria for biota.

3.2.2..5 CeeaLsb do _a~bwan as

The pathway approach uses a bioaccumulation model first proposed by Thomaun

(1981) and modified to include multiple food chains in a food web. rhe

model Incorporates estimates of exposure by various organisms to

contaminants in the physical environment and the potential for
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I
bioconcentration (concentration from direct exposure to water in an aquatic

I environment), bioaccumulation (concentration from water and from diet), and

biomagnification (systematic increase tn concentration as contaminants move

I through food chains to higher trophic levels). p

Development of the models for particular sites proceeds in several steps. A

food web is first constructed independently for each known or potentially

contaminated site/ecosystem, based on all available information and using

site specific data to the extent possible. Next, key species are identified

on the basis of their status as threatened or endangered, economic, or

comemrcial importance (e.g., game species), or because they are critical to

the structure and function of the ecosystem (e.g., an important prey

species). Sink food webs (food webs that include all food chains leading to •

a particular species) are then constructed. Wherever possible, all species

at one trophic level are combined into the sink web of the species on the

next higher trophic level.

Cleanup criteria for sediments and water ire derived by tracing the

biomagnification of contaminant residues with health effects data for

organisms at the top of the food web, back through intermediate trophic

levels to the abiotic environment. For purposes of the model analyses, all

organisms are assumed to be in equilibrium with their environment I

(Figure 3.2-9).

The model (Thomiann, 1981) is structured such that each level is a step in a

food chain: p

Level ol BCF1 - Cb/Cw (1)

Level *2 BAW 2 0 BCF 2 + f 2 BCFI (2)

Level s3 BAF3 - BCF 3  f 3 BCF 2 - f 3 f 2 BCFI (3)

Level #4 BA 4 a. BCF4  f4 BCF 3 . f 4 f 3 BF 2 * fwf3f 2 BCFI .4)

I

m where: BCFi a bioconcentration by level I

BAF 1 - bioaccumulation by level I

1 Cb - concentration of contaminant in bLota

Cw- concentration of contaminant In water

I f - food term

3-37I
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The ftod tere ((I) is dependent on the trophic level in question, and has

been adapted from Thomann (1981) to describe bioaccumulation in an entire

food web by using a nercentage coefficient to adjust for multiple food

chains, The ft to calculated by the following equation:

f 4*L.x-1 (5)
k2

where: a Aesimilation efficiency, us-coantau~iia-a.lborbad

ug contaminant ingested

R % Total daily diet. intake (&)/body weight (g)/day

k2 a Depuration or losa rate, iay'l

a Percent of (i-1) item in diet

For many contaminants, data are unavailable for parameters such as loss

rates or assimilation efficiencies for each species in the Pathway Analysis.

In these cases. judgement must be used to select the bent data available

(com which to derive the parameters. and assumptions must be made that the

parameters are applicable to all species in the analysis.

An esample of a Pathway Analysis is based on the bald eagle sink food web

(portion of the comprehensive ecosystem food web Leading to a target

species) and Includes all major tquatic food chains leading to this selected

sink *pecies (Colien. 1978) In such a Pathway Analysis. species in trophic

levels below the target organism are selected by reviewing published

information and by onsite observations on its food habits. The BCF values

used can come from general published literature; however. previously

coLlected and documented onsite water and tissue samples can be used when

available to regionally calibrate the model.

As ahown by the bad eigle example. a food web is simplified into its major

fo" chains (pathways). e.g.:

Pathway I: 112(-CAquatic Piants-NMallard-)Eagle

Pathway 2: H2 O-vAquatic Invertebrates-)Hallard- Eagle

Pathway 3: H2 0->Plankton and Algae-3luegill-)Pike->EagIe

Pathway 4: H20-)Aquatic Invertebrates->Bluegill-,Pike->E|igle

Pathway 5: Soil->Plants->SmaLl Mamals->Eagle

3-3q
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a

Pathways can be made more specific as food habit or toxicological data

permit.

Yh* percent of each item in the diet of the higher level organisms

determines the importance of the pathway in contributing to residue

accumulation. The dietary groups can be segregated further as data permits

(e.g.. invertebrates could be separated by faaily).

The lowest step in the food chain is assumed to be in equilibrium with the

aquatic environment, which gives equation (1):

BCF a Cb/Cw (1)

where: Cb a concentration of contaminant in biota 5
Cw - concentr ton of contaminant in water

Organisms at this level are asrumed to be autotrophic, such that residue
accumulation can only result from uptake from water. The model was found to
be more useful: however, if small aquatic organisms with varied feeding
habits were Included at Level ol with the assumption that uptake from water

(or surface adsorption) would outweigh uptake from diet to the point that
uptake from diet was insignificant. Level *I organisms usually consist of
plankton, aquatic plants, and various aquatic invertebrates. I

At Level *2 and higher, the food term must be calculated. Assimilation

efficiencies and loss rates can e&6ner be found In the available literature,
or estimated from available regression equations. They are rarely species

S
specific, and assumptions must be made regarding interspecific similarity in
contaminant uptake or loss. The total daily diet term for many wildlife
species can be obtained or e. timated from available food habits liter.ature

When btoaccumulatton factors are summed for -ich pathway, residue

accumulation through ail the food chains combined can be c:aicuialed for the
target organism. dioaccumulation factors are additive because

bioaccumulation in each pathway represents residues from a fr.iction o• the

3
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! I
diet of the higher level organisms. The total residue accumulation from the

food web (sum of the bloaccumulation factors) to the target organism is

termed the Total Biomagnification Factor (Total BMF).

A Maximum Allowable Tissue Concentration (MATC) is based on available data

Indicating the lowest tissue concentration correlating with adverse effects.

While the MATC Is often unavailable for the target organism, especially when

the target organism is an endangered species, a MATC can be extrapolated

from data for similar wildlife species for chemicals for which a large

database exists. For chemicals for which little information is available,

the MATC must be extrapolated from health effects data on laboratory

animals. When the MATC is divided by the Total BMF, a water concentration

is derived that corresponds with the MATC in the target organism after

transfer of water-borne contaminants through a food web (Tucker. 1986):

__t-1 ... . C-d (6)
Total BMF

Total residue accumulation for the target organism can be ultimately traced

back through water to the sediment, because contaminants are assumed to

enter the water compartment from sediment before being taken up by the

biological compartment% i.e..

Cw __Csed__ (7)
Koc X foc

Rearranging gives equation (8):

Csed * C, x Koc x foc (8)

where: Csed - concentration of contaminant In sediment
I

Koc " soil-water par 'tiin coefficient normalized
for organic ca-".on

foc " fraction of .)rganic carbon

For chemicals where environmental fate is not dependent on organic carbon

content, Kd is used in place of Koc and foc"

Once a generalized food web has been developed for a particular species at ai

specific site it can be used to estimate cleanup cýiteria for .a variety of
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contaminants. However, information on BCF, BMF, and BAF must be developed

separately for each chemical in order to derive the appropriate values.

Documentation for values used in actual criteria development is provided in

the text for each Pathway Analysis.

The Pathway Analysis is a theoretical calculation involving many input

parameters, each of which is known imprecisely. The combined effect that

the uncertainty in each of these parameters may have on the final estimate

of BMF has been evaluated through a statistical procedure known as Latin

hypercube sampling.

The Latin hypercube sampling technique is a computationally efficient

approximation of a Monte Carlo analysis. Monte Carlo is a procedure that

determine& the uncertainty in a calculated result (output) when the true

values of the parameters used in the calculation (input) are uncertain. For

example, consider the following formula:

z - ax 2 + by # c

wherc z a output, and |

a,b,cx, and y a inputs.

Assume that a, b, and c are known precisely, but x and y are known

imprecisely. If the probability density functions (uncertainty

distrib.tions) of x and y are specified, a Monte Carlo procedure can

determine the probability density function of z. Monte Carlo operates. by

randomly selecting one possible value of x from its uncertainty

distribution, a value of y from its uncertainty distribution, and then

calculating z. By a random process, second possible values of x and y are

selected and a second value of z is calculated and so on. A histogram of z

values defines the uncertainties in the result. Monte Carlo is inefficient

because it can require several thousand calctilations. Latin hypercube

sampling is a computattonally efficient alternative that approximates the

result of a Monte Carlo analysis but requires fewer (e.g.. 100) trials to

approximate the resultant distribution of z. The Latin hypercube sampling

technique was developed by McKay e aJ,. (1979) and has been used by Jaffe

and Ferrara (1984) and Strayer and Paviou (1487) for similar environmental

3-2 2
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applications. In this analysis. the sediment and water criteria are the p

outputs and the food chain-specific and chemical-specific Input parameters

are the inputs. A nonproprietary computer code compatible with an

International Busineis Machines (IBM) rersonal computer (PC) was developed

for this application following the procedures described by McKay at al.

(1979) and Jaffe and Ferrara (1984).

The probability distributions of all site-specific and chemical-specific

inputs are presented in the uncertainty analysis section for each

contaminant. The input distributions are based on the information and data

sources presented in the Pathway Analysis and statistical texts such as

Cumbel (1958) and Barford (1967). The uncertainties in estimated chemical-

specific parameters were defined based primarily on information presented by

Lyman at ael. (1982) as well as the original publications that present the

regression analyses used for estimation.

323 SULj2ZFIIAl,,SjUlDXFS

3.3.1 VEGETATION

Extensive studies of vegetation were implemented by MKE to develop

descriptions of vegetation sites on RMA and at offpost control sites. These

studies were supplemented by ESE investigations of additional sites. Field

sampling techniques were identical, and Investigators from ESE and MKE

worked together to ensure that data would be collected In a comparable

manner.

Vegetation studies at RMA included both quantitative and qualitative

methods. Standard quantitative methods were employed for data collection

regarding cover, height, frequency, and woody plant density. Qualitative P
methods included floristic surveys, phenological studies, and an evaluation

of successional status. A detailed vegetation map of RZ4A was also prepared.

Data were also collected at two offpost areas: 3uckley Air National Cuard

(AMG) and the Plains Conservation Center. Methods are briefly described

below. Detailed methods descriptions are provided In MKE's Final Vegetation

Studies Technical Plan (MKE, 1986) and the Task 9 Biota Assessment Final

Technical Plan (ESE, 1988d, RICo88243RO5).

3
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A preliminary vegetation map was developed prior to initiation of

quantitative studies, and was the basis for selecting vegetation sampling

locastons. Maps were prepared using a combination of aerial photographs and

$round verification.

The sampling design for quantitative studies required 50 sample locations in

each of the five major vegetation types (native peretmiaJ grass, crested

w eatgrass, weedy forb, cheatgrass/native grass, and cheatgrass/weedy forb),

For minor vegetation types on RIA, ten locations were sampled for each type.

In addition to describing onpost vegetation and comparing it with offpost

vegetation, the vegetation studies sought to determime if plant cozmmnities

near the most contaminated sites on RHA differed from comparable communities

growing in other portions of RMA. A similar sampling design was used based

on 24 sampling sites distributed among three vegetation types in Section 36

(near Basin A) and six sites located among the same three vegetaticn types

In Section 26 (near Basin F). A similar sampling design was followed at

control sites located on Buckley ANG and at the Plains Conservation Center.

This included two major and two minor vegetation types at Buckley ANM and

two major and one minor type at the Plains Conservation Center.

Cover data were collected using 50-m point transects. and data were recorded

by species. Two 50-m transects were sampled at each of the 50 sample

locations in each major plant community and along one 50-m transect in each

of the 10 sample locations In each minor community. Data computed for each

sampling location included mean cover, relative cover (percent of total

vegetation cover), frequency (number of transects of occurrence divided by

total number of transects), and relative frequency (percent of total number

of transects of occurrence by all species). Relative cover and relative

frequency were summed to obtain an importance value for each species.

Height data were collected for the most prominent species at each site by

measuring individual plants at 10-m intervals along the 50-a transect.

Density data for shrubs, subshrubs, yucca, and cacti were obtained by

counting the number of individuals occurring within I m of the 50-m

transects.
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To the extent possible. voucher specimens were collected in triplicate.

3 Observations on phenology (i.e.. progression of plant development during the

growing season) were recorded at 10- to 15- day intervals at all three study

locations. Assessments were made regarding stages of vegetative growth,

flowering, fruiting, dissemination, senescence, and regrowth.

Successional status was evaluated by reviewing aerial photographs taken in

1937, 1943, 1951, and 1974, and comparing them with vegetation patterns

observed in 1986, Existing vegetation was also compared to published models

for successional development in the Great Plains region.

The following subsections briefly describe the major and minor vegetation

types at RMA, and what In known about their ecological or historical

relatLonships. Summaries of quantitative information for cover, production.

and woody plant density are presented in Table 3.3-1. All vegetation types

described in the following sections are presented in Figure 2.3-2.

Ii•'
The weedy forb community covered approximately 900 ha, or about 13 percent 1

(") of the total area of RMA. Although widespread, weedy forbs were most

conspicuous in the northern portions of the RI.A. The dominatt weedy forb

species at RNA were summer-cypress (rochia) and morning glory (field
bindweed), which accounted for 32.3 and 14.5%, respectively, of the total
vegetation in the weedy forb community. In general, Kochia tended to

dominate in sites without prairie dogs, whereas morning glory was more

prevalent in prairie dog towns, Other common species in the weedy forb

couwunity included cheatgrass, scarlet gloLemallow, and prickly lettuce.

Together, these three species provided 15" of the plant cover in the weedy

forb type. Of the five major species, only scarlet globemallow is a native

prairie species. Total vegetation cover in the weedy forb type was 2q.6%,

with 21.8% bare soil and 48.6% litter. Total production averaged 121 grams

31 per square meter (g/m 2 ).

3 Species with the greatest average heights along the transects tended to be

tall gaura and annual sunflower. However, tumble mustard, tansy mustard.5 ;and prickley lettuce were the n',:e common tall species. All of these are

3-45

•.. ................



C-RHA-09D/BIORIVTB.331.1 p

04/12/89 I
Table 3.3-1. Sumary of Quantitative Vegetation Data for Major Vegetation Types, Rocky

Mountain Arsenal, 1986

Woody
3

Plantl Plant
Cover Production2  Density Number 4  Number 5

Type (g) (&/m2) (no./ha) of Species of Samples
- -- /-

Weedy Forb 29.6 121.0 334 111 53

Cheatgrass/ 45.8 140.3 249 126 79
Weedy Forb I
Cheatgrass/ 40.3 104.2 165 115 56
Perennial Grass

Native Perennial 34.5 96.7 603 133 73
Crass

Crested Wheatgrass 28.5 99.7 126 101 50

1 All herbaceous lifeforms combined.

2 All herbaceous lifeforms combitned; current year's above-ground growth.

3 Includes shrubs, subshrubs, and succulents,

4 Observed within the sampled stands.

5 Randomly selected.

3-/4
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coarse and difficult for prairie dogs to graze. The effect of grazing by
prairie dogs is illustrated by Kochia, which had mean heights ranging from

less than 10 centimeters (cm) in prairie dog towns to as much as 75 cm in

other areas. Woody plants were a minor component in this vegetation

community. Mean cover by all woody plants was less than 1%, and mean

density of woody plants was only 334 per ha. Bushy eriogonum, a subshrub, S
was the most common woody species.

The weedy forb type is an early 3uccessional stage community that occurs as
a result of severe disturbance. The limited perennial grass component

present in the weedy forb community after nearly 50 years of succession In
some parts of RMA (e.g., abandoned cultivated lands) suggests that the
successional process is proceeding slowly or being periodically interrupted.

CbeaagraaaLI~edX_..oL ba

The cheatgrass/weedy forb community was the most extensive vegetation type

at RMA covering approximately 1,550 ha or about 22% of the area. As the

name of the type suggests, the overwhelmingly dominant species was
cheatgrass, an introduced weedy annual, that accounted for 63.8" of the
vegetation cover. Secondary dominants were weedy forb species. ifrcluding

morning glory, bristle thistle, and prickly lettuci. These four species
accounted for 81% of the total cover by vegetation in the cheatgrass/weedy
forb type. Perennial grasses provided only 6.4% of the vegetation cover

within the cheatgrass/waedy forb community. Mean total vegetation cover in
the chestgrass/waedy forb type was 45.8%, and cover by bare soil was only
4.9%. The remainder of the ground surface was covered by cheatgrass litter

(i.e.. remnants of the previous years growth). The dominance by cheatgrass
can also be seen in the production data. Mean production of cheatgrass was
70.2 g/m 2 or 50.8% of the total (140.3 g/m 2 ). Shrubs were rarely

encountered in this association. Mean shrub density was only 249/ha, with

bushy eriogonum contributing 72% of the total shrub cover.

As with weedy forbs, cheatgrass/weedy forb conununities have resulted from

past disturbance. Once cheatgrass becomes established, it is a highly
aggressive competitor and can delay or potentially even preclude succession

to more desirable prairie communities.
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I
C.aAL"AasL~trsnni aLa-*Slza=

Cheatgrass/perennial grassland comunities occurred throughout RMA, but not

as commonly as the cheatgrass/weedy forb type. Cheatgrasu/perennial grass

covered 780 ha, or 11% of RHA. The two types were similar in that

cheatgrass dominated both, although chestgrass comprised only 57.5% of the

total vegetation cover in cheatgrass/perennial grassland. Three perennial

grasses (sand dropseed, red three-awn, and needle-and-thread) occurred as

secondary dominants, and total perennial grasses accounted for 28.0% of the

plant cover in the cheatgrass/perennial grassland community, compared to

only 6.4% of total vegetation cover in the cheatgrassiweedy forb type.

Morning glory was also an important component, although forbs accounted for

only 14.2% of the vegetation cover. Total vegetation cover in this type was

40.3%, slightly less than the amount in the cheatgrass/weedy forb areas.

Bare soil was only 3.9% and litter accounted for 55.8% of the cover. Most

of the litter consisted of the previous years growth of cheatgrass.

Heights of plants growirng in the cheatgrass/perennial grass communities were

comparable to those measured for the cheatgrass/weedy forb type. Mean

height for cheatgrass was 27 cm, compared with 31 cm in the cheatgrass/weedy

forb type. Few shrubs occurred in this type: mean total shrub density was

165/ha. The most common woody plant was bushy eriogonum, but two

succulents--plains prickly pear and yucca--were about as ahundant.

Cheatgrass had a mean production of 42 9 g/m 2 . compared to 32.5% for

perennial grasses. Total production was 104.2 g/m 2 . This value is lower

than for the two previous types, due In large part to lesser amounts of tall

weedy forbs.

NaLLxis-hreia._Graa~sian4

Native perennial grassland was scattered over RMA in patches generally

smaller than for the three preceding communities. However. native perennia

grassland covered 1,400 ha or 20h of RMA. The iargest area of native

grasses is near the west-central portion ot FMA. Dominant species in the

native grasslands included prairie grasses such as blue grama, sand

dropseed, needle-and-thread, western wheatgrass, and red three-awn. Native
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perennial grasses combined provided 57.5% of the total vegetation cover,

although cheatgrass was the single most prevalent species in the native

perennial grassland type. In contrast to the early successional types,

forbs (both annual and perennial) were a minor element in this community.

All forba together accounted for only 19.8% of the total cover, which is

characteristic of native grasslands. Mean total vegetation cover was 34.5%,

and cover by bare soil was 8.6u.

Mean heights of the dominant grass species ranged from 15 to 45 cm. Tall

forbs occurred in this type, but less so than in the early successional

types. Shrubs were somewhat more common in this type. Mean density of

woody plants and cactus was 603/ha: bushy eriogonum and plains prickly pear

accounted for 82.3* of this total density.

I

Some areas of cheatgrass/perennial grasslands probably represent a mid-

successional stage of development, resulting when perennial grass species

(especially sand dropseed) are able to invade stands of cheatgrass. This

could happen in areas that have remained undisturbed for sufficient periods,

or where soil conditions are favorable. The fact that cheatgrass accounts

for less cover and production in cheatgrass/perennial grassland than in

cheatgrass/weedy forb areas probably is uue in part to competition from

perennial grasses. Other areas of cheatgrass/perennial grassland apparently

represent degraded native ranges that have been invaded by cheatgrass. This

is indicated where the perennial grasses are late-successional species such

as blue grama or needle-and-thread.

Whereas cheatgrass had the greatest individual cover, several native grass

species had higher production values. Perennial grasses accounted for 60.9x

of the total production (96.7 g/m 2 ). Perennial forbs accounted for 15.ix of

the total, and annual forbs accounted for 10.Ox.

Most stands of native grassland on K<A probably are remnants of original,

presettlement prairie. *rhey may have been considered poor sites for

agriculture and: thus, never tilled, or they may have been left uncultivated

in order to support grazing. A few stands of native perennial grassl;and on

RMA appeared to represent succession following disturbance, Such areas were

3-.9
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dominated by red three-awn and tend to have relatively low species

diversity.

Stands of crested wheatgrass occurred throughout lilA and were nearly as

extensive as native perennial grasslands, covering 1,330 ha or 19X of RMtA.

Crested wheatgrass was highly dominant in this type, contributing 71.9% of

the total vegetation cover. Other conspicuous species included cheatgrass,

sand dropseed, and field bindweed. Mean vegetation cover was 28.5%, and

cover by bare soil was 4.7%. Litter consisting of the previous years growth

of crested wheatgrass comprised 76.8% of total ground cover in the crested

wheatgrass community. Mean height for crested wheatgrass was 42 cm.

Because of the strong dominance by this species, the stands tended to be

very homogeneous in height, Mean production of crested wheatgrass was 82.6

g/m 2 out of a total of 99.7 g/m2, The remainder of the production was

distributed among 27 species.

Woody plants and succulents occurred to a very limited extent. Mean density
I

of woody plants and succulents was only 126/ha, mostll contributed by yucca

and two species of prickly pear.

Crested whestgrass is an introduced species that has been widely used for

soil stabilization since the 1930's. It appears that some of the crested

wheatgrass was established prior to the time the property was obtained by

the Army, while other stands have been seeded since that time. Crested

whestgrass communities are relatively stable for a time, but they eventually

become senescent and are invaded by other species. It is likely that over a

lon$ period (e.g., greater than 100 years), the stands of crested wheatgrass

at RNA will deteriorate and be gradually replaced by native species.

Several native species presently occur within these stands. but in small

numbers.

Sand sagebrush shrubland esccurred on sandy upland sites in the southern and

southeastern portions of RMIA. It was limited in areal extent, covering 100

ha or only 1.5% of RitA. The most conspicuous species in this community type
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was the sand sagebrush, which totaled 39.5% of the vegetation cover in sand Sj sagebrush shrubland. Dominant herbaceous species included cheatgrass and

needle-and-thread, which together contributed another 4l.7% relative cover.
In many ways, sand sagebrush shrublands were similar to native perennial
grasslands or cheatgrass/parennial grasslands, except for the presence of a
sagebrush stratum. However, the deeper sands typical of sand sagebrush S
communities also supported scattered occurrences of prairie sandreed, sand
bluestem, and Indian ricegrass. These are native grasses characteristic of

sandy areas on the plains.

S
Forbs provided only 1.5% relative cover in this community type, and cover by
bare soil was only 0.8g. Mean height for sand sagebrush was 66 cm. Heights
of the dominant grass species ranged between 30 and 49 cm. Mean shrub
density in this type was 7,016/ha. with 89.1% provided by sand sagebrush.

The high shrub density ias in contrast to most of the upland areas at RHA.

and it provided a different type of habitat than areas with few shrubs.

j Based on species composition and soil charactaristics, it is likely that
sand sagebrush shrublands were present on RMA prior to settlement. Sandy 5
soils tend to not be good sites for dryland farming, and deeper sands are

generally avoided by cattle. However, some grazing probably occurred. which
would account for the abundance of cheatgrass in the understory.

~t&"bar-_gabb~brub-Siu.L r bland

I Rubber rabbitbrush shrublands occurred as scattered stands on uplands.

mostly In the northeastern and southwestern portions of RNA. This type was
not as abundant as the sand sagebrush type, covering 24 ha or 0.3% of RMA.

In general, it had the appearance of cheatgrass/perennial grasslands with
the addition of a rabbLtbrush stratum. Rubber rabbitbrush accounted tor 25e
of the total vegetation cover in this community. Major herbaceous species

included cheatgrass, sand dropseed, red three-awn, and bristle thistle.

I These four herbaceous species accounted for 58.7% of the plant cover. Mean S
vegetation cover was 73.6k. and cover by bare soil was only 0.-%.

I Rubber rabbitbrush were generally taller than sand sagebrush (Ouea height ot

117 cm versus 66 cm). Heights of dominant grasses were similar in the two
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shrubland types, at 44 cm and 46 cm. Mean shrub density In the rabbitbrush P
j type was 2,550/ha, with rubber rabbitbrush comprising 84.7% of the total.

Itir~cm d*rA*.yAnA

Yucca comma.nities were mostly limited to the northwestern part of RHA, and

to a lesser extent in the south-central part. Yucca grassland covered

approximately 58 ha, or 0.8% of RHA. Small soapweed yucca was the most

conspicuous and numerically dominant species. Secondary dominants included

cheatgrass, needle-and-thread, red three-awn, and sand dropseed. These
I

grass species plus yucca accounted for 87.2" of the total vegetation cover

in yucca grassland. In terms of species composition, this community was

similar to the choatgrass/perennial grassland and native perennial grassland

types. Mean total vegetation cover was 68.6%. and cover by bare soil and

litter was 3.8% and 27.6x, respectively. The high values for total S

vegetation cover in this type and the two preceding shrubland types result

from the abundance of woody species and succulents.

Heights of herbaceous dominants in this type were ompersble to those

measured in other communities. Mean heights fot the dominant grasses ranged

from 20 to 36 cm: yucca was taller, with a mean height of 57 cm. Yucca

density was 9.680/ha.

The presence of yucca probably is related to soil and topography. In I

general, yucca grasslands are best developed in areas of coarse but shallow

soils, and especially along exposed low ridges. Unless these stands are

destroyed by fire or some other disturbance, they probably will persist in

their present condition.

LocusaL.hbleats

Dense stands of New Mexico Locust occurred primarily in the southern portton

of RMA and were almost completely lacking In the northern two-thirds Wt the

site. Most occurrences were of small stands scattered among other upland

communities. Locust thickets covered 37 ha or 0.5% of RItA.

Locust probably was planted in association with homesteads on the site

before establishment of RPA. or as cover for Same at the Rod and Gun Club
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The stands of locust almost alwayr had the tallest stems growing In the

centers and the shortest individut. i at the margins. This is the result of

the species reproducing vegetatively by root sprouts that radiate In all

directions from the original individual(a). Fires resulting from human

causes or from lightening frequently occur on RIA. Although locust thickets

ate cometimes destroyed, they quickly regenerate. Cheatgrass was the

dominant species in the understory of the locust thickets, along with Kochia

and locust sprouts. Together. chastgvasx. Kochia. and locust sprouts

accounted for 94.8% of the plant cover in the understory. Total vegetation

cover In locust thicket type was 88%. litter 12%, and there was no bare

soil. Most of the woody plant density was attributable to locust, which

occurred at a density of 5,720 individuals per hectare.

Ca& poodLNiX.LOw_4•LnS

Mature plains cottonwoods and peachleaf willows occurred along creeks,

irrigation ditches, reservoirs, and in isolated pockets of uplands areas.

The stands were mostly limited to the southern part of RHA although a few

wore present in the northern portion of the site. These trees covered

approsimately 68 ha. or 11 of RMA. The largest trees reached heights of 90

to 100 ft and frequently formed relatively dense, closed canopy forests.

the major species in the understory ot these forests included cheatgrass.

smooth brome. slender wheatgrass, Canada wildrye. and Kentucky bluegrass.

Theme tive griss species accounted for 82.7x of the total vegetation cover

in the cottonwood/willow comunity. Forbs were minor. Total vegetation

cover was 66.44, and cover by bat,. soil was only 0.2%, with litter

accounting for 34.4% of cover. The grasses in the understory tended to be

quite tallt mean heights ranged from 61 to 93 cm. Plains cottonwood

occurred xt a density of 640/ha (79% of the total density). compared with

1201ha for poachleaf willow. Rocky Mountain juniper was the only other tree

species encountered in the samples.

The cottonwood-willow stands represent 3 stable vegetation type on RMA.

They undoubtedly occurred along drainages prior to settlement ,ond have

increased as 3 result of water development. Cottonwoods were also planted

for shade around homesteads and various occupied areas of RIA. As long as

sufficiently moist areas are present on the site, this type can be expect ed
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to persist. However most nf the cottonwoodW willow stands at 2IMA wore

composed solely of old individuals. This indicates that successful

reproduction has been sporadic, probably being limited to occa~sionai tfloods

which scarify the land and reduce competition of herbaCeouS plal.tv with

cottonwood seedl ings 5

Bottomland meadow vegetation occurred ai. -A1t aiong drairiages and Irr'eat lot'

ditches, and to a lesser extent in the drawdown zones aj acent :o reservoirs

in the southern part of the site, Bottomlands were the most extensive of

the wetland areas, covering l'qO ha or 2.64 of RIIA. Dominant s:-qcies In

these areas were variable, but typically included Canada thistle. prickly

lettuce. horseweed. smartwoed. and barn:,a,ti grass. -which c,'mbined tor 4.3

of the total plant cover in the v~ottomi~and meadow type. Adi-.it loral sei~

included American bulrush. Kentucky bluegrAss, showy .ilkweeii- i~idenriod-

and sweetclovc'r. Under native condition3. the hottomlands probably

consisted primarily of western wheatgra-.-i and slender wheatgrass. which

occurred in small amounts. along with several species of native perennial E
forbs. The present composition of the bottowlands att RM1A suggests thait the

current communities have developed since the bottomiand areats -wereI ~disturbel. Total vegetation cover in the bottomlands was d'q 2t. This high

value is largely the result of ample soil moisture.

The weedy forbs that characterize this type had mean heig~hts of e~to 103

cm. Heights of grasses ranged from 4.3 to 72 cm. No shrub species w4ere

encountered along the sample transacts. although coyote or sandbar 4i .ows

were prestnt in this type.

The bottomland type most Ilikely occurred on the site prior to ýeit :ent~fel

but the current structure and c~omposit Ion is quite diffetrent from the&

meadtow-likei appearance thaz would be expected under naItive~ conditions The

prevale~nce of introduced weeds attests to past disturbances. Domin.atwe bv

Canada thistLe will continue and probably Increase, since this specie.s is

very aggressive and can su,:cessi'illy compete with the perennti l grasses th.u

would normally occur as duminants in bottom~ind sites.
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I Cattail marshes occurred at the edges of ponds and reservoirs and in

overflo% areas along streams and ditches. Approximately 55 ha or 0.8% of

RMA was marshland. The two major species in this type were broadleaf

cattail and narrowleaf cattail. Together, these two species accounted for

91.1% of the vegetation in cattail marshes. Total vegetation cover was 0
89.9%t there was no bare soil.

Cattail species had a mean height of approximately 175 cm. No shrub species

were encountered along the sample transects.I°
QrnamaL~aLIraaza&.Sb r ba

Scattered plantings of ornamental trees and shrubs occurred throughout R-A.

Some were the result of plantings around RIA facilities, and others were

planted around farm and ranch buildings that pre-dated RMA. The most common 0
ornamental tree species Included Siberian elm, green ash, white poplar. and

plains cottonwood. Common lilac and matrimony bush were probably the most

widely planted ornamental shrubs on the site.

3.3.2 AQUATIC STUDIES

Aquatics field studies were designed to provide qualitative and quantitative

information on the water quality and biotic communities of the Lower Lakes

(except Upper Derby) at RMA and of an offpost comparison lake (McKay Lake).

The major biotic components investigated included phytoplankton.

zooplankton. aquatic macrophytes, benthic macroinvertebrates. fish eggs and

larvae, adult and juvenile fish, and amphibians. Data on each component

I except aquatic macrophytes were collected seasonally to identify shifts in

community structure. Aquatic macrophytes were sampled only in August. when

their areal distribution and diversity are greatest. Sampling periods were

late April. mid-May, mid-June. mid-August. and early November of 1987.

j Whole water samples were taken during each sampling period and analyzed for

standard water quality parameters. The samples were composites of

subsamples taken from various depth strata in the upper (inlet) and lower

(outlet) ends of the lakes. Subsamples were taken I m below the surface, at

mid-depth, and I m above the bottom. Where the water was less than 2 m
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I -
deep. only a mid-depth sample was collected. Regardless of depth, threeI subsamples were taken from each end of each lake. Subsamples were collected

using a horizontal Van Dorn-style water bottle, composited in a polyethylene

carboy, and thoroughly mixed to ensure homogeneity. The various aliquots
taken from the composited samples were placed into appropriate containers

and preserved to stabilize the parameters of interest.

Measurements of dissolved oxygen, temperature, pH, specific conductance, and

water transparency (Secchi depth) were taken In sr•u at both the upper and
lower ends of the lakes. Additional dissolved oxygen readings were taken

within 2 hours of sunset and sunrise to measure the diurnal pulse ofdissolved oxygen concentration. The In s•t. measurements of pH and specific

conductance were taken at various depths throughout the water column
following the same procedure used for collecting subsamples of whole water.

Dissolved oxygen and temperature measurements were taken at intervals of

I m or less.

Composited whole-water samples were also collected to determine the
composition and biomass of the phytoplankton community. Subsamples were

I collected from the upper and lower ends of each lake, from I m below the
surface In areas greater than 2 m deep and at mid-depth in shallow areas.
Subsamples were composited In a container, and thoroughly mixed before

withdrawing three aliquots for analysis.

I
Two of the three aliquots were preserved with buffered formalin for later
analysis of species composition; the third was immediately placed in an IceI chest and maintained at 40 C. At the end of the sampling period, each

refrigerated sample was thoroughly mixed, and aliquots were spiked with
saturated magnesium carbonate solution. These were then passed through

glass fiber filters at a vacuum of less than 27 inches of mercury (i1 pounds
per square Inch (psi)) to remove the phytopiankton cells. The filters were

folded, placed into glass vials, frozen, 4nd later analyzed for chlorophyll
content.

Species identification and enumeration were accomplished using a combination

I of the Palmer-Maloney method for soft-bodied algae and centric and pennate
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diatoms, and proportional counting for the identification and enumeration ofI diatoms following removal of soft tissue. The proportion (i.e., relative
abundance) of diatom taxa observed on the slides and the densities
calculated ýor the centric and pennate forms from Che Palmer-Maloney
analysis together provided a basis for estimating the density of each diatom

I taxon identified.

The zooplankton community includes microzooplankton (rotifers) and

macrozooplankton. Microzooplankton were sampled in the upper and lower ends
of each water body using water bottles, as described above for other
parameters, In areas less than 2 m deep, three subsamples were taken at
mid-depth. In areas greater than 2 m deep, subsamples were taken I m below
the surface, at mid-depth, and 1 m above bottom. Subsamples from the

various depth strata at a location were composited to form the samples for
identification and enumeration.

Microzooplankton samples were analyzed using a Sedgwick-Rafter Chamber after
Sbeing washed with tap water in a 64-micron (u) sieve to remove the formalin.

The samples were thoroughly mixed to achieve a homogeneous suspension of
organisms, and a portion was then extracted and placed into the counting

chamber. The samples were scanned at 100x, and a minimum of 200 organisms
(or the number of organisms encountered in five strips) were identified to

the lowest practicable level.

I Macrozooplankton samples were collected using a 0.5-m diameter plankton net
with a 118-u mesh size. Two General Oceanic Model 2030 flowmetersI were mounted on the net to measure the volume of water filtered. The
organisms collected in the upper and lower ends of each lake were combined

to form a single sample. Because of the extensive and dense growths of

submergent aquatic plants, tows were mostly limited to the surface strata
rather than being done throughout the water column. Samples of both

I macrozooplankton and microzooplankton were preserved iramediately a•fter
collection with buffered formalin.

Macrozooplankton samples were analyzed using a Ward Counting Wheel. After

I the samples were split to achieve a workable density, they were examined it
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a magnification of 40x, and a minimum of 200 organisms were identified to

the lowest practicable level for each analysis.

The benthic macroinvertebrate community was sampled using a Poner dredge to

collect substrate material for quantitative analysis and a dipnet to provide

supplemental information where dredge-sampling was not feasible. Samples

were taken in the upper and lower ends of each lake and washed across a

590-u mesh screen to remove the sediment prior to being composited. All

benthic macroinvertebrate samples were preserved with buffered formalln.

The analytical procedure for macroinvertebr~tes was similar for dredge and

dipnet samples. Rose bengal solution was added to the samples, which were

then allowed to stand for 24 to 48 hours to ensure that the organisms

absorbed the stain. At the end of this period, the sampler were again

washed through a 590-u screen, and the brightly colored organisms were P
picked from the detritus and identified to the lowest practicable level.

Elsbi

The fish community of each Jake was sampled using a variety of gear to 4

capture the species and size ranges present. Adult and juvenile fish

populations were sampled by beach seine and a boat-mounted el.ectrofishing

unit, Samples of fish eggs and larvae were collected using towed nets and a

fry seine.
P

Beach samples were collected with a 7.6 m x 1.8 a seine constructed of

3.2 mm dmlta-style netting. Samples were taken at two locations in each

waterbody, usually the upper and lower ends, and then composited. Samplers

usually waded to a depth of about I a, stretched the seine parallel to the

shore, and hauled to the shore. A boat was used at Lake Mary because of the

steep shoreline.

Electrofishing samples were collected using a 4.9-n (16-ft) boat equipped

with a 240-volt. 4000-watt generator coupled to a Coffelt model VVP-15

electrofishing control unit. Current was directed from the control unit to

two electrodes positioned about 3 m forward of the boat and t.*o just aft of

the working platform. As with the beach seines. samples were collected in

3
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both the upper and lower ends of each lake and then compositod. Samples

consisted of 3-minute slactrofishing runs, usually with two individuals

netting fish and one operating the boat and electrofishing unit.

All fish collected by beach seine and electrofishing war* identified,

enumerated, and measured for total length (=) and weight (g), except when

catches were large. Large catches were randomly subsampled and lengths and

weights taken on a maximum of 25 individuals of each species. Large fish

were processed in the field and returned live to the water. Smail fish were

preserved in buffered formalin and returned to the laboratory.

Fish eggs and larvae were sampled in open water in the upper and lower ends

of each lake using the same techniques as described above for

macrozooplankton.

The not used was 5 m long, had a 0.5-m diameter circular mouth, and a 335-u

mesh size. The distal end of the net was equipped with a quick-couple

plankton bucket screened with a 363-u netting. Samples from the two ends of

each lake were composited.

Fry seine samples were taken at the same frequency and using the same method

as beach seine samples. The fry seine was 3.0 m x 1.8 m and fabricated of

335-u netting. The distance of each haul varied and was usually dictated by

the density and extent of nearshore macrophyte beds. When macrophytes were

not a factor, the seine was hauled a distance of about 15 m. Ai.l fry seine

samples were preserved in buffered formalin.*
In the laboratory, fish eggs and larvae were stained with rose bengal

solution, and washed with tap water across a 120-u sieve to remove excess

stalis and preservative. The eggs and larvae were then identified to the

lowest practicable level.

Bluegill and largemouth bass were selected for evaluation of condition in

the lakes because these were the prevalent species and the ones most

frequently caught by fishermen. Condition was defined in terms of weight

relative to length using two standard indices: Fulton's condition Lactor K
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U and weight-length relationships. Condition factor K is a relative Index 4
useful for comparing individual fish or, when averaged, for comparing fish

populations in different water bodies. Weight-length relationships were

calculated from the log-transformed individual weishts and lengths of

Individual fish, using a least squares regression method. Regression lines

were compared to evaluate the difference among water bodies.

Qualitative surveys of aquatic macrophytes were performed during the August

1987 sampling period to determine the areal distribution of macrophytes in

the lakes and the predominant community constituents. Areal distribution

was determined by traversing the lakes by boat and sketching the extent and I

coverage of the macrophyte beds on large-scale aerial photographs.

Specimens of prominent aquatic plants were gathered and identified to

I compile a list of the aquatic flora.

3.3.3 WILDLIFE STUDIES

This section describes the field methods used for supplementary wildlife

investigations at RHA. An effort was made to use widely accepted methods

that would provide information on the occurrence, distribution, and relative

abundance of selected vertebrate groups on RMA. Studies ranged from

detailed quantitative analyses to semiquantitative Lndices and qualitative

observations. More Intensive studies were used for species of particular

ecological, regulatory, or economic importance, and those considered

especially useful as indicators of contamination and habitat quality.

Qualitative information was collected to provide a comprehensive view of

ecosystem structure and function, and to corroborate the major patterns

evidenced by the quantitative investigations. Detailed methods are provide

in the Wildlife Study Technical Plan (MKE, 1985). l/

I ',/
The following subsections describe field methods employed for terrestrial

vertebrates at the RPA and the offsite comparison areas.

Studies of deer and rabbits involved a combination of road transects. fecal

pellet transects, and opportunistic sightLngs. For deer, systematic road

routes were driven on RMA. An offpost comparison route was driven near

Horse Creek Reservoir in an area recommended by CDOW. Distribution aind
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relative habitat use by deer at RMA were also investigated by counting fecal
pellet groups at Ill plots. The plots had been originally used for
quantitative studies of nesting songbirds and were uniformly distributed
across RMA. Studies of rabbit distribution and abundance at RHA were
conducted concurrently with road transects and fecal pellet transects for
deer. Offpost comparison areas for rabbits were at Buckley ANG.

Coyotes, foxes, and other carnivores are not readily surveyed using visual
counts. Therefore, studies of these species relied upon scent station

surveys using an olfactory attractant developed by the USFWS. Scent station
surveys were conducted twice at 14 locations during October and NovemberI 1986. Each location consisted of five scent stations at 0.3-mile intervals.
Information on all large carnivores, such as badgers, relied heavily upon
opportunistic observations to supplement scent station data.

S
Small mammals, which include mice, voles, and ground squirrels, were
surveyed primarily by live-trapping in November 1986 and June 1987.
Emphasis was piaced on documenting species presence 3nd distribution in

different habitat types. Trapping in 1986 was conducted at 16 locations
onpost and 3 offpost, with a total effort of 3,060 trap-nights. In 1987,
the total effort was 1,575 trap-nights. Mo&t of the sampling in 1986 was in
major habitat types, while the 1987 sampling focused on minor habitat types.
Pocket gophers are not readily sampled by live-trapping. Data on
distribution and abundance of these burrowing animals were obtained by
counting mounds along the deer and rabbit fecal pellet transects,

Prairie dogs were surveyed in 1986 and 1987 to determine age class
composition. In 1986, sampling occurred from 14 to 18 June, with 20 counts
conducted on RMA, 4 at Buckley, and 2 at the Plains Conservation Center. In

1987, sampling occurred from 14 to 27 May, with 20 counts again conducted on
RMA (at same locations as 1986), 10 counts at Buckley, and 10 at the PlainsI Conservation Center. Methods used to estimate age-class consisted of S
observing prairie dogs from a vehicle (using binoculars or spotting scope)
and classifying clearly observable animals as either adult or juvenile.
Main roads within the three study areas were traveled, and observation
points were chosen when at least 30 animals could be seeni within 50 in of the
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U vehicle. Age-class estimates were performed after waiting 5 minutes (to let

the prairie dogs resuae normal activities). Observation points were spaced

a minimum of 0.5 mt on RHAs on Buckley and the Plains Conservation Center.

observation points were more closely spaced (as close as 0.1 mi) because of

the limited extent of prairie dog colonies.

Birds of prey (owls, falcons, hawks, and esglas) were investigated primarily

by a combination of road transects and incidental observations on and off of

RHA. The offpost transects were in Arapaho and Adam counties, in areas

recoiot-nded by CDOW. Nest searches were performed at 114A during the 1986

and 1987 breeding seasons. This involved specific searches of aross where S
I results of the spring road transects or opportunistic obaervations suggested

the possibility of a nearby nest.I
Ring-necked pheasants and mourning doves were surveyed during the 1986

breeding season by counting territorial/courtshLp vocalizations at 1-mile

intervals along road transects. Counts were made around dawn under

favorable weather conditions, with 2 minutes spent at each listening post.

Offsite surveys were conducted in areas of Weld County suggested by CDOW.

For pheasants, data on male-female ratios were collected along driven routes

during February 1986.

Information on the occurrence and abundance of waterfowl, shorebirds, and

wading birds at RHA was obtained primarily from systematic surveys during

spring and fall migrations. Informal observations during other seasons and

a qualitative nesting survey in 1987 also contributed to site-specific data.

K Songbird study methods included walked transects in winter 1986, breeding S
plots in spring/early sumer 1986. and unstructured observations throughout

the field program. Winter transects were Located at 27 sites oit KMA Lnd a

total of ten sites at Buckley ANC and PCC. Transects generally were 500 ma

long, except in habitats of limited areal extent- Counts were conducted

between dawn and late morning.I
Breeding bird surveys were conducted at Ill onpost plots and 54 offpost

plots. Breeding plots were 100 m x 100 11 (1 ha) in size and were located
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systematically along road routes. Plots were surveyed by counting all

* sinSing males heard within the plot boundaries during a 4-minute period.

Each plot was surveyed three times, by three separate observers. Counts

were made between $awn and late morning.

Qualitative songbird sightings were made during other field activities.

Specific searches of minor habitats (especially wooded areas) were also done

to document use by less common species. Searches were made during all four

* seasons.

Most of the observations pertaining to amphibians and reptiles were

incidental to other field programs. Information recorded included

vocalizations and visual siShtings to determine species occurrence,

distribution, and relative abundance. In addition, spring surveys of

permanent and ephemeral water bodies for breeding anurans (frogs and toads)

consisted of driving within earshot of wet areas after dusk and noting

species heard. Choruses of breeding anurans are readtly identifiable to

species# and individuals are easily heard over distances of 100 m or more.

I

I
I
*
I

I
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14 - 0 NATURN AnP EXTENT OF 5IOLOCICAL COITANINATION

p

U Contaminants have been detected in the tissues of plants and animals on RHA

since the early 1950s. During that period, specific sites of contamination

and specific groups of contaminants were identifi..j and examined, usually in

relation to selected areas on RMA and limited to particular problems (e.g.,

bird kills at Basin F). A broader program to assess contaminants in biota

from selected locations on RHA and at offpost control sites was established

3 during the late 1970's and continued into the 1980"s.

A comprehensive evaluation of all contamination in RMA biota, both onpost

and offpost, was initiated in 1985 as part of the biota assessment. This

program was designed to determine what, if any, RHA contaminants remained in

the environment and constituted hazards to the regional biota. Many of the

contaminants known to have been spilled, dumped, or otherwise placed into

the RMA environment were toxic: some were known to be persistent. and others

were suspected of degrading into other hazardous chemicals (the history of

contamination on RMA is provided in Section I). In order to develop a

comprehensive program at an appropriate level of effort, it was first

necessary to define what contaminants were of potential concern to biota.

and then, by examination of contaminant types and concentrations In abiotic

media (e.g., soil, surface water, shallow ground water), determine which of

these might still be present in sufficient concentrations. quantities, and

locations as to be detected in biota.I
This section contains the results of specific sampling programs that were

developed to address the current extent of RMA contamination in biota.

Although the basic approach was to measure contaminant levels in tissues

from specimens collected on AMA and compare them to levels in offpost

controls, valuable information was also obtained from samples collected by

chance (e.g., raptors found dead on PRZA and salvaged for analysis) and from

additional samples collected by the USFWS from specific sites on RI'IA that

were unavailable during the current program (e.g., waterfowl samples tram

1 .
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Upper Derby Lake). The results of these analyses are discussed in

conjunction with information on known and potential effects on biota and

ecosystems in Section 5.0 of this report,

4.1 OWNTAMHTATrON HTSZOL

Contaminants have been located in various locations and concentrations on

RHA since its creation in 1942. This section contains a summary of the

history of the major basins and lakes on RHA, since they are the major

sources for contamination of biota. A summary of past mortality and injury

to plants and wildlife is also presented here. Historical studies are S
listed for those interested in additional background on the history of

contamination in the wildlife of RPA. In the final part of this section,

the contaminant levels found in past studies of RMA wildlife are presented.

A literature review on the Army's use of pesticides and herbicides on RItA

was recently prepared by in 1988. The review indicates that substantial

quantities of several toxic substances were applied to the RAA environment

beginning in the early 1 9 50's, but site-specific information is largely

unavailable. This report is contained in Appendix C.

4.1.1 CONTAMINATION HISTORY OF THE BASINS

Basin A, located in a natural depression within Section 36, was the original

unlined disposal area for liquids and waste waters resulting from all RPA

industrial operations from 1943 to 1956. By 1946, liquid waste leaking

throush and seeping under the dam on the northwest perimeter of Basin A had

ponded in a low area just west of the dam. To drain away the seepage, the

Army built a drainage ditch 3,800 ft through a naturally low and swampy area

in Section 35 (Basin B) to unlined Basins D and E. Overflows from Basin A

then went through Basin B, through open drainage ditches and culverts under

C Street, Eighth Avenue, and through the Sand Creek Lateral to Basin 0 and

Basin E. In 1952, the construction of a higher impoundment dike at Basin A

took place in anticipation of additional waste to be produced by the CB

plant in Section 25. References citing the above actions include USA CWS

(1943, 1945a, 1946a, 1946b, 1946c); USA Chemical Corps (1954); Smith (1952,

1953). Thompson (1952, 1953); and Meetze (1952).

4-2
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The Army built a new unlined Basin C (see Figure 1.1-2) in 1953 in order to

accommodate the additional waste produced by full scale production at the CB 0

plant in February 1953. Liquid waste from Basins A and I and from surface

drainage in the South Plants all went to the Sand Creek Lateral with the

cutoff and bypass of the ditches and culverts mentioned above. Overflows

from Basins A and B were therefore diverted into Basin C. Overflows from 0

Basin C first passed to Basin D, then to Basin E (USA Chemical Corps. 1953).

By 1957, Basins A and C were drained into the newly constructed Basin F.

Basins B. D, and E were empty by the time of Basin F construction, due to a

reduction of liquid waste production from both the Army and SCC operations

by 1957. Basins C to E may have been used to store raw process water from

overflows in the Lower Lakes during 1957 and 1958 (SCC, 1957 and 1958);

Basin C was used as an irrigatiGn water storage reservoir for the wheat rust

experimental projects in Sections 23 and 24 (in 1965 or later). After •

construction of Basin F in 1957, Basin C handled excess water on several

occasions betweeen 1957 and 1974, Subsequently, Basins A to E have been

relatively dry, with some wetting and/or ponding in wetter months of the

year after heavy rains/snows (ESE, 1988, RICo88243R05).

The near surface contaminants most often found in Basin A are arsenic (as

high as 1,100 parts per million (ppa); avg. 20 ppm). mercury (as high as

65 ppm; avg. 0.2 ppm), and the SCC pesticides aldrin, dieldrin, and endrin

(maximum of 700 ppm for these contaminants; avg. 10 ppmz ESE, 1988d).

Similar contaminants are found in Basin C. but at generally lower

concentrations.

Basin F. a 93-ac asphalt-lined surface disposal pond in Section 26, was 0

constructed in 1956 to hold all of the subsequent industrial liquid wastes

and wastewaters generated on RMA. Discharges into Basin F ceased Itn

December of 1981. In the spring of 1982. the Army removed the chemical

sewer laterals, erected dikes, and built a north-south interceptor ditch to S

prevent any surface runoff or sewer transported surface drainage trom

entering Basin F (USA COE, 1981t Black and Veatch, 1981). Liquids commonly

4
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covered 40 to 50 I of the surface area of Basin F from 1982 to early 19e8,

and the remaining surface area remained wet and mushy with water and

chemical waste content,

The Army attempted from 1985 to 1988 to reduce the liquid portions of the

waste in Basin r with an enhanced evaporation system. In 1988, contaminated

liquids were removed to storage tanks and lined holding basins northeast of

Sasin r. as part of a Comprehensive Environmental Resjonse, Compensation,

and Liability Act (CEICLA) removal action (USA PMO-RMA, 1988). The Army has

now encapsulated the contaminated solids, sludges, liner, and sub-liner

soils in a waste pile. and covered the basin site with a clay cap (EBASCO,

1988). The one remaining lined holding pond is now covered.

Near surface contaminants found in Basin F in the past included high

concentrations of a number of pesticides, metals, solvents, intermediates,

and unknown chemical compounds formed in the sludge and liquid in the basin

(Asselin and Hildebrand, 1978, RIC#81324R09).
* 0

Basin F has been documented as a source of wildlife injury and mortality

since 1964 (Reuter, 1964). Large bird kills, especially of waterfowl, were

found annually in and about Basin F. possibly since its construction in 1956

(McEwen and DeWeese, 1984, RIC#87091R03). The U.S. Fish and Wildlife S
Service (USFWS) reported that 291 carcasses of several species of birds were

removed from the shoreline of Basin F in just 2 days (May I and 2) in 1975

(NcEwen and DeWeese., 1984, RICo87O91R03). In an attempt to prevent birds

from approaching Basin F. five repeating-fire Zon guns, flashing light

pontoons. and six Avalarms were installed around the perimeter fences In

19751 an additional number of devices expanded the system to 12 Avalarms and

12 Zon guns in 1984 (McEwen and DeWeese, 198', RICo8709IRO3). A count of

waterfowl mortality at Basin F has been completed quarterly since mnid-11;81.

Mortality counts for 1981 to 1987 ace presented in Table 4.1-1. The high

counts in 1983 and 1984 were the result of birds that had died in previous

years being collected from newly exposed areas of the basin due to low

liquid levels. Although scare devices were installed at Basin F, waterfowl

mortality figures wore still about 200 to 250 individuals per year at that

.4-4.
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Table 4.1-1. Annual Waterfowl, Mortality at Basin F from 1981 to 1987.

1981 202

1982 222

1983 444

1984 '18*

1985 140

1986 236

1987 139

* Divides half of total for year survey done from June 1983 to June 1484.

Source: Trautmann, 1988.
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location during the early 1980's (Thorne, 1983, RICo85115R02). The recent
removal of fluids from Basin F and placement of a clay cap on the area

should substantially reduce or eliminate waterfowl mortality due to Basin F.

I1 4.1.2 HISTORY OF THE LOWER LAKES
As early as 1951, mortality of waterfowl and aquatic organisms led to the

suspicion that organic chemicals from Hyman (now SCC) facilities in the

South Plants were leaking back into the Lower Lakes via return water canals.
An estimated 20,000 ducks died in the years 1949-1959 in the Lower Lakes;

this was considered a minimum estimate at the time (Finley, 1959).

Waterfowl were particularly vulnerable to pesticides in the Lower Lakes

during the years in which chemical production was being pursued in the South
Plants. Waterfowl losses associated with contaminated sites on RMA ranged
from 2,000 to 3,000 individuals annually throughout the 1950's and early

1960's (USFWS, 1960). 5

Dead and dying ducks and ducks exhibiting abnormal behavior as a result of3 chemical contamination (presumably from RMA sources) have been observed on

Upper Derby, Lower Derby, and Ladora Lakes on RMA. Studies by the USFWS
have shown that resident ducks were the hardest hit by contamination. Ducks

were observed to die of convulsions, fly with noticeable los. of
equilibrium, and in several instances fly at full speed into the sides of
buildings (USFWS, 1952). One mallard, which died while showing

characteristic signs of lethal organochlorine contamination at Lower Derby

Lake, had 1.3 ppm endrin in the brain (USFWS, 1982b). This is above the

lethal level of 0.7-0.8 ppm for birds (Stickel ej al., 19 7 9a).

The presence of contaminants in the lakes often was deduced from the death
of waterfowl. A large duck kill in winter 1951-1952 was attributed to the

release of pesticides by Hyman (Kellogg, 1952). The first documentation of

pesticides in the lakes was from an SCC alalysis that detected dieldrin at
I ppm and aldrin at 68 ppm in May 1952 (Hyman, 1952). Other chemicals were
also introduced into the lakes during this period. A release of caustic in

a quantity sufficient to raise the pH of lake water to 10.5 killed all the

fish in the lakes in May 1951. In addition, until 1955, Hyman and SCC on3 var!ous occasions added substantial quantities of muriatic and/or sulfuric

14-6
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I a*
I I acid to the process water to reduce high levels of alkalinity that caused 4

scale to form on heat exchange equipment (Kuzniar, 1951; Meetze, 1951;

Hymen, 1954; Culley, 1969).

I The caustic and pesticide releases in the 1950's led to a series of

expressions of concern by the Army about the entcy of chemical contaminants

into the Lower Lakes (see Armitage, 1951a and 1951bi Kellog, 19 51sa, 1951b,

1952; Smith, 1951). The Army commissioned studies of contamination of the

3' Lower Lakes in the latter 1950's. Pesticide levels were found to remain

U I persistently high in wildlife (Jensen, 1955, RICo84292R04), and waterfowl

i mortality continued to be high throughout the rest of the Lower Lakes system

3 in the remainder of the 1950's (Finley, 1959). High waterfowl mortalities

continued to be reported in 1961 and 1962 (Sheldon and Hohn 1962). Upon

j investigation by the Army, It was determined that the contamination was

concentrated in the sediments. A sampling program was Initiated by the

USFWS In 1963 to determine the extent of sediment and wildlife

contamination. This program reported up to 2,400 ppm dieldrin In waterfowl

fat, up to 14.4 ppm in pheasant fat, while d1eldrtn in deer fat samples was

below detection limits (<O.l ppm) (Sheldon at al., 1963). $CC also found

sediment samples from Upper and Lower Derby Lakes to contain concentrations •

of up to 183 ppm aldrin, 12.7 ppm dieldrin, 8.3 ppm isodrin, and 10 ppm

endrin (SCC, cited in MKE, 1987). The SCC study found the return water

I ditches to be contaminated with pesticides and residues as well.

In 1964, the U.S. Army removed contaminated sediments from Upper and Lower

Derby Lakes and Lake Ladora, as well as the contaminated sediments in the

I return water canal to Upper Derby. The lakes were refilled in 1965 after

sediment removal, and waterfowl mortality in that year declined over that in

previous years. In subsequent years waterfowl and other wildlife continued

to be found dead at the Lower Lakes but in smaller numbers. Fish also

continued to contain levels of contaminants in their tissues after this

period, leading to the Institution of catch-and-release policies in 1977 and

1978 to prevent human consumption of fish from the Lower Lakes.I
Recent analyses of the water in the Lower Lakes confirm that the relatively

insoluble pesticide compounds do not lead to detectable values In water

4-
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samples (Rosenlund . atl., 1986). The sediments still contain contaminants,
which are in highest concentrations in the upper layers of sediments and p
near the inlet canals to Lake Ladora and Lower Derby Lake, and are
distributed evenly across the upper sediments in Lake Mary (Myers &L al..
19831 Myers and Gregg, 1984). Upper Derby Lake has been used only for flood

control since 1982, and is often dry. Soil cores from Upper Derby confirm

that its sediments continue to be the most highly contaminated in the Lowerlakes (EBASCO, 1988). Further detail on these recent studies is presented

3 in Section 4.3.3.1.

4.1.3 HISTORICAL CONTAMINATION LEVELS IN WILDLIFE

A substantial body of information on the presence and distribution of

contaminants in RMA biota exiszs as a result of past investigations

conducted sinne the mid-1950's. Several of these investigations have
documented ii -.ants and several species of wildlife levels of several I3 contaminants that represent potential risk to humans and biota. Table 1.3-1

susmarizes documented wildlife deaths and injuries on RHA, while Tables
4.1-2 thru 4.1-6 sumarize concentrations in wildlife and plants. It can be

seen that contaminants occur in varying concentrations in all classes of
wildlife, from invertebrates to birds and mammals. The historical levels and

effects of these contaminats will be discussed in the following section.

3 Red-tailed hawks were found dead in Section 36 with high levels of dieldrin,
endrin, dichlorodiphenylethane (DDE), and polychlorinated biphenyl (PCB) in3 1982 (USFWS, 1983). Dead coyotes, owls, and hawks found at scattered

locations on RMA (from 1976 to 1981) had significant concentrations of3 pesticides in their tissues.

Most data indicating contamination in the tissues of plants and aninuls at
RKA are associated with identified major sources of known or potential
contamination. Contaminants data from bLota in the Lower Lakes are
presented in Table 4.1-2: from biota in Section 36 in Table 4.1-3: from
biota In Section 24 (including North Bog) in Table 4.1-4- from biota Ln

Section 26 (including Basin F) in Table 4.1-5: and from Sections 6. 7, 11,
12, 19, 23, 30 and 35 in Table 4.1-6. Due to the quantity of existing

Sinformation, ranges of contamination in species are presented and reference

Is made to pertinent documents as sources of additional information.
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_ ! II
IExamination of these tables shows that a variety of key wildlife species

contain RHA contaminants. Plant tissues have not been examined as

thoroughly, but evidence of adverse effects has also been noted. In spite

of the fact that a single comprehensive survey had not been conducted, these

I studies (conducted over a period of more than thirty years) demonstrate that

a wide range of species in aquatic, wetland. and terrestrial ecosystems on

RMA contain or contained contaminants with known adverse effects on biota.

I Numerous studies of contaminant levels in plants, invertebrates, fish. and

wilelife have been conducted since the early-1960"s (Sheldon and Mohn, 1962:

USFWS, 1965, RIC*84296R04: USA DPC, 1973 and 1975a, b, and c, RICo84296R02,

RIC#84296R03, and KIC#85121R07; USA EHA, 1976, RIC*83020R03; Rocky Mountain

Fisheries Consultants, 1977, RICo8l286R07; Thorne, 1982, RIC#83042RO: USA

WES, 1983; USA, 1984). Studies have also been conducted on some of the

chemical contaminants, particularly those that are peculiar to RMA

S I activities, to determine the possible biological effects and concentrations

necessary to produce effects (O'Donovan and Woodward, 1977, RIC#81335R08:

Cuenzi at al., 1971, RIC#81266R04: Palmer el al., 1979, RIC#81266R02; Hart.

1976, RICo8216IR06 and 1980, KIC#82005R02; Thake at al., 1979,

RIC#81266R06). Although valuable information was obtained, comparable types

of information (e.g., dose levels, physiological effects, toxicity,

mutagenicity, effects on reproduction, ability to produce physical

abnormalities, etc.) for many suspected compounds of concern are still

unavailable.I
Comprehensive studies of RMA vegetation included mapping the overall

I distribution of vegetation types on RMA (Santa Barbara Remote Sensing

Institute. 1978a, RIC#81286R08). Color-infrared aerial photography of RMA

indicated that plant communities within known areas of contamination (e.g.

near Basin F) exhibited stress. Some areas supported vegetation consisttng

of single stands of weedy species or were bare ground. twenty-five plant

community types and six non-vegetated cover classes were differentiated as a

result of these studies.
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Subsequent vegetation studies were conducted with the objective of I
monitoring movements of environmental contaminants on RNA (Santa Barbara 1

Remote Sensini Institute, 1978b, RIC#81286R09). Research focused on three

areas: 1) plant community studies, 2) remote sensing studies, and 3)

literature surveys on the bioconcentration of RMA contaminants that might

serve as biological indicators of contaminated areas. The study resulted in

j a suggested procedure that was apparently never implemented.

Soil samples from a coring program at RIA were tested for the presence of
phytotoxic substances (Torgeson and Sirois, 1976, RICo81341R02; Cogley eL

a.L., 1979, RICo8l266R08). The phytotoxicity data did not indicate the S
presence of phytotoxic substances except in areas already known to be

contaminated on the basis of chemical analyses of the soil samples. Section

36 was extensively contaminated with phytotoxic chemicals generally present

ovar approximately 100 acres. Adjacent portions of Section 35 had two sitts

showing phytotoxic contamination, and evidence of additional phytotoxicity

were encountered in Sections 9, 22, 24, and 26. Toxicants were found

primarily in the upper 2 ft of soil where most plant roots are found,

occasionally in the horizon from 7 to 12 ft, and rarely below 12 ft.

Several fish species including northern pike, bass, rainbow trout, bullhead,

channel catfish, and bluegill from the Lower Lakes on RHA were sampled for

contaminants in past studies. Although several compounds were present in

detectable levels, the primary chemicals of concern for both fish and

waterfowl were the organochlorines associated with pesticide production

(Sheldon and Mohn, 1962; USA DPC, 1973. RIC#84131R02; Thorne, 1982,

RIC#83042R01). At least a few individuals of all the fish species sampled

and all of the waterfowl sampled, including 27 species of ducks found dead

or dying on RHA, were found to contain levels of contaminants, primartly the

pesticida, aldrin and dieldrin. that represent potential risk to humans and

biota.

Several additional wildlife species were tested regularly for chemical

contamination. The species sampled included cottontail rabbits. ring-necked

pheasant. mourning dove, and occasionally mule deer. Control animals were

obtained from an area several miles from R.HA and were also analyzed for

p
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I
contaminants. Results consistently indicated that higher levels of

contaminants were present in the flesh of animals found at selected

locations near stces of contamination on RMA than from animals collected

from offpost control areas (Thorne, 1982. RIC#83042P01).

The data from other stadies conducted at RMA in the past also showed high S

levels of organochlorines in diverse animals including spadefoot toad, great

blue heron, starling, and red-tailed hawk (USA DPG, 1973, RIC*84131R02: USA

EHA, 1976, RICo83020R03; Thorne, 1982, RICo83042RO0). A golden eagle that

was shot near the edge of RMA contained 0.15 ppm dieldrin in breast muscle

tissue and 1.7 ppm in fat tissuo (USFWS, 198 2 a) - These levels are higher

than the median reported in golden eagles by (Reidinger and Crabtree (1974),

who determined dieldrin concentrations ranged from <0.1 to 12 ppm (median

0.8) in fat tissue.

The levels of some contaminants (e.g., dieldrin, mercury) in the flesh of

game animals and edible fish at RMA exceeded the Food and Drug

Administration (FDA) action levels for animal and fish tissue (FDA, 1978,

RICo84338ROI). The USFWS expressed concern to the CDH regarding the

potential health hazard to humans (USFWS, 1981). Concern was also expressed

by the CDOW over the potential movement of pheasants contaminated with

pesticide residues off RMA onto private lands on the north and east sides of

RHA where they could be hunted. These birds were reportedly contaminated

above levels acceptable for human consumption (USFWS. 1981).

Reduced avian reproduction Is a well documented effect of organochlorine

pesticides and has been documented for one bird species at KMA, the American

kestrel. Studies were conducted on kestrels (sparrow hawks) by the Patuxent

Wildlife Research Center (USFWS, 1982b). Studies indicated that adverse

effects on populations of these birds may have been related to sites ot

contamination on RMA (see Section 3.2.1 for current studies).

Crude bioassay tests conducted on the aquatic ecosystem of the Lower lakes

indicated that tadpole survival in water from Derby Lake was no different

than the survival rate in the control; however, algae from Upper Derby Lake

was sufficiently toxic to kill tadpoles within 2 weeks of exposure (Finley.

"_-24
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4

1959). Other data on bioconcentration of RKA contaminants exist that are

consistent with generally known pathways of bLoconcentration and

bioaccumulation of organochlorine pesticides and other contaminants.

However, not much is known about the toxicity and environmental effects of

several other RHA contaminants (see Section 5.1.1).

4

A list of contaminants of concern to biota was derived by examining all

available literature on chemicals found in bLota at RMA. This list was

augmented by adding compounds found in current screening programs for RHA

contamination It. soil, surface water, ground water, and air, and compounds S

known to be associated with past operations at RHA (Ceraghty and Miller,

1986, RICo86107R01). Compounds on the list of potential contaminants of

concern to biota that met the selection criteria described in Section

3.2.2.3 were identified as contaminants of concern. S

Thirty-nine contaminants were initially identified as contaminants of

concern based on this approach. Some contaminants present in abiotiC media

had been found in previous investigations, but were not included as 4

contaminants of concern to biota unless they were also rated as moderately

or highly toxic, or unless their concentrations in biological tissues could

be related to some adverse biological effect. Application of the selection

criteria indicated that additional considerations were needed in order to

correctly identify contaminants of current concern to biota. Additional

data on the distribution and concentration of RHA contaminants in physical

media were evaluated throughout the biota program in order to keep the list

of contaminants of concern to biota current and to evaluate its component

chemicals accordingly. One chemical, DIMP. was found to have low

environmental toxicity (Dacre and Rosenblatt, 1987), but remained on the

list because of Its wide distribution In groundwater and because of its

degree of concern to regulatory agencies. From the list of 39 cont-lliniuianL5

of concern, seven contaminants of major concern were selected as described

in Section 3.2.2.3. Further detail on the development and application at

this approach is in Section 2.2 of the Task 9 Biota Assessment Final

Technical Plan (ESE, 1988d. RIC*88243RO5).

4-25
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SON:* contaminants from the list of contaminants of concern were combined i
I review of available information indicated that one chemical was converted to

another predominant form in the biological environment, and that its

toxicity could be related to that form. A prime example is aldrin, which is

U converted to dieldrin. The toxic effects of aldrin and dieldrin are

additive, and dieldrin is the predominant form in the environment.

Contaminants of concern to biota were addressed in the Task 9 Final

Technical Plan for Siota studies (Section 2.0) and are discussed in Section

5.0 of this document,

4.3 CURENT EXTENT OU- ,QliINiAQA LUNAIIA0

4.3.1 PHASE I RESULTS

Evaluation of existing information resulted in the identification of sites

and sources of contamination on RMA, development of a list of contaminants

of concern to biota, and analysis of preliminary pathways for the movement

of contaminants to and through key species and sink food webs.

Information accumulated during the Phase I preliminary assessment has been

combined with subsequent data from more detailed studies that were conducted

during Phase II and with data from additional studies conducted by MKE.

These results follow in Sections 4.0 and 5.0. Results of the Phase I

criteria development were used to scope Phase rI studies and are presented

in Section 2.0 of the Phase II Final Biota Assessment Technical Plan (ESE.

1988d, RIC#88243R05). The Phase I Contamination Assessment focused on

obtaining information needed to scope the Phase II sampling program. The

information on species, food habits, pathways, etc. has been tncorporated

into the descriptions of the environmental setting provided in Section 2.0

of this document and in the discussion of contaminant pathways and

* contaminant effects in Section 5.0.

Major sites and sources of potential contamination identifled is a restult of

Phase I were: South Piants: Lower Lakes: and Basins A. C. D, E. and F.

Detailed descriptions of these sites are provided In the appropriate CARs

for sites of potential contamination on RHA.

I
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A list of 39 contaminants of concern was developed by screening the

available data. Criteria for selecting this list and a discussion of the

process are provided in Section 2.2 of the Task 9 Biots Assessment Final

Technical Plan (ESE, 1988d, RIC*88243RO5), and summarized in Sections

3.2.2.3 and 4.2 of this document.

I Preliminary Pathway Analyses were conducted involving initial development of

food webs for the three major ecosystems within the defined study area:

grassland, wetland, and aquatic. Subsequent analysis of these food webs

from a trophic perspective resulted in combining the species into two

general webs: aquatic and terrestrial. The species designated as inhabiting

the wetland ecosystem could not be logically separated from the trophic

3 structure of either of the other two (e.g., ducks feed on 'Ish0 snails, and

aquatic vegetation).

I Several data gaps identified as a result of Phase I led to the development

of a work plan for Phase II investigations. Site characterization data were

found to be out of date, studies were needed to provide an adequate

biological database to complete an adequate remedial investigation for RHA

3 and the adjacent offpost study area, and additional information was needed

on the current distribution of contaminants along pathways in regional food

'3 webs. Data that fill these gaps are presented in the remainder of this

document.

I 4.3.2 CONTAMINANTS IN TERRESTRIAL ECOSYSTEMS

Chemical contaminantz found in tissues of terrestrial species analyzed under the

Phase II program are sutmarized in Tables 4.3-I and 4.3-2: a complete list of

contaminant analysis results is provided In Appendix D. Following the

methodology of the USFWS (DeWeese, 1988, personal communication) mean values are

presented only for those instances where more than 50 percent of the saimples3 analyzed indicated the presence of contamination. The detection limit (certified

reporting limit) established for each contaminant In each tissue type is3presented In Table 4.3-3. In some instances, insufficient sample was availjble

to attain this limit of detection (e.g., brain samples, kestrel eggs. earthworms)

within the constraints of the USATHAMA certified method, and the detectLotn limit

values were adjusted accordingly to lass sensitive levels.

I 4-27
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Table 4.3-3. Certified Reporting Limits for Biota Analysis Methods*
USATHAHA Certified Reporting LimitMethod Code Matrix Type Analyte (us/&)

9-6 Animals and Plants Arsenic 0.250

C-6 Animals and Plants Mercury 0.0503 D-6 Plants Aldrin 0.022
Dieldrin 0.044
Endrin 0.040

E-6A Animals Aldrin 0.020
Dieldrin 0.031
Endrin 0.040

F-6A Animals p,p'-DDE 0.094I 
p,p'-DDT 0.289

I Source: ESE, 19 88a.

I
I

ID
I
I
I
I

I
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AriWt deecriptions of concaminant levels in the tissues of each species or

grojup (e.g. earthworms) ,ire provided in the sections that follow. The

cowown aitd sientific names of all species discussed in this section are

listed In Appendix A.

4, .2, VgeQfLaU.Q

TrW LypQa of terrestrial plants were collected fo' contaminant analysis,

morning glory and sunflower. These species were selected because of their

abundanlt occu'rence in sites of contamination and because they are eaten by

Important herbivorous species in terrestrial food webs. Morning glories are

consumed by prairie dogs and sunflowers are consumed by grasshoppers. The

target analytes In terrestrial plants were arsenic, aldrin, dieldrin,

endrin, and mercury.

Analysis of six morning glory samples comprised of the entire above ground

plant revealed arsenic in a single sample (0.535 ppm). and dieldrin in two

samples (0.081 and 0.084 ppm). These three samples were all from Basin A.

No other analytes were detected.

Contaminants were detected In five of seven samples comprised of sunflower

leaves, but not in the seven samples comprised of flowers. Arsenic was

detected in sunflower leaves (4 of 5 samples) from Basin A at

concentrations ranging from <0.250 to 4.51 ppm (Mean w 1.37). Dieldrin was

detected in plants from Basin C at concentrations exceeding 0.300 ppm. and

endrin was detected in plants from Basin C at concentrations of 0.188 ppm.

Figure 4.3-1 shows the contaminant levels by location for each species. The

ranges and means (as appropriate) of contaminant concentrations are

presented in Table 4.3-1.

4-3.-7.-2 111YUKub~a19S

The two invertebrate groups collected (earthworms ind grasshoppers) -..tere

analyzed for arsenic. aldrin. dieldrin, endrin. mercury. DDT. and [DE.

Contaminant values for earthworms and grasshoppers by location on KHA are

presented in Figure 4.3-2.

1
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Earthworms contained arsenic, dieldrin, endrin, and mercury. DDT, DDE, and
aidrin were not detected. Arsenic was observed at concentrations ranging

from 0.618 to 1.53 ppm (Mean - 1.03) in all of the eight samples fros
Section 5 (onpost control). Arsenic was not observed in the sample from the

South Plants, RMA (contaminated), or in the two samples from Barr Lake
(off-post control). A dieldrin concentration of 1.93 ppm was observed in
the single earthworm sample collected from the South Plants, while one of S
seven samples from the onpost control area had detectable levels (5.3 ppm)

of dieldrin.

Endrin was not detected in the sample collected from contaminated sites, but
was detected in one of seven samples from onpost controls at 0.914 ppm.
Mercury was detected in two of eight earthworm samples from Section 5 at

concentrations of 0.216 and 0.245 ppm, and at concentrations of <0.050 and
greater than 2.35 ppm in the two earthworm samples from the South Plants. In

all offpost control earthworm samples, all analytes were below detection.

Preliminary statistical analysis of earthworm sample data using ANOVA
indicated significant differences among the three sites (onpost controls,
offpost controls, onpost contaminated). Using Kruskai-Wallis analyses,

onpost controls were contrasted with offpost controls, and control samples
were pooled and compared to samples from contaminated areas. Of all analytes

detected in earthworms, only comparisons for arsenic yielded significant
differences. Onpost control samples (Section 5) differed from offpost
control samples and pooled control areas differed significantly (0.05 a p
0.01) from contaminated sites. Due to the low sample sizes, differences
between onpost control and contaminated sites may have remained undetected.

Grasshoppers contained arsenic, aldrin. dieldrin. endrin. and mercury. NO
DDE or DDT was detected. Arsenic concentrations ot 0.905 to 6., ppm (Mean -

3.17) were detected in all of the tour grisshopper samples from Basin A
(Section 36). Aldrin concentrations of 0.04b to 5.8 ppm (Mean - 1.54) were

detected in all of the four samples from Section 26. Dieldrin was detected
at concentrations of 0.271 to O.4-6 ppm (Mean 0 (.381) in all four samples
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from Section 36, and 0.496 to 7.2 ppm (Mean - 2.53) in all four samples from

Section 26. Three of four grasshopper samples from Section 26 contained

endrin. Concentrations of endrin in the four samples ranged from <0.064

to 1.65 ppm (Mean - 0.528). Mercury was detected only in samples collected

from Section 36 (two of four samples). Concentrations for all four samples
ranged from <0.050 to 0.108 ppm (Mean - 0.058). Contaminant values by 0
location on RMA are shown in Figure 4.3-2.

In all offpost control grasshopper samples, all analytes were below

detection. Further, no contaminants were detected in samples from the

northwest corner of Section 8 or the northeast corner of Section 7 (onpost

control areas).

Using statistical analysis, grasshopper samples collected In Section 26 were

contrasted with those collected from Section 36. onpost controls were

contrasted with offpost controls, and pooled data from control sites were

contrasted with pooled data from contaminated areas. None of the

comparisons for mercury, DDE, and DDT differed significantly. Data on

arsenic differed significantly between the two contaminated sites, and

approached significance (0.10 1 p 0.05) for the comparison of pooicd

control and contaminated sites. Significance was obtained for comparisons

of aldrin levels between contaminated sites, but not between pooled

contaminated and pooled control sites. Significance was obtained for 0
comparisons of dieldrin levels between contaminated site.s, pooled

contaminated, and pooled controls, but not between onpost and offpost
controls. For endrin, Section 36 values differed significantly from Section

26, but when pooled, these sites did not differ from either onpost or

offpost controls.I
4.3.2.3 yertebraja

All vertebrates collected for chemical analysis satisfied the criteria •i

key species. These criteria are described in Section 3.2.2 2.

The only sample collected from a threatened or endangered species wns .i

single bald eagle egg from the abandoned nest at Barr Like The embryo was
approximately five days from hatching at the time of abandonment, ind

m 4-36
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exhibited normal development. Residues detected in the egg contents were

0.099 ppm mercury, 0.808 ppm dieldrin, and 6.93 ppm DDE. No arsenic.

aldrin, endrin or DDT were detected. Preliminary evaluation of sediment and

water data from onpost and offpost surveys and existing knowledge of the

feeding habits and foraging range of the Barr Lake eagles do not indicate

that the contaminant levels were from RMA sources. A more detailed

3 discussion of effects of RMA contaminants on bald eagles is provided in

Section 5.3.I
Blood samples were collected by the USFWS from bald eagles roosting on RNA

during the winters of 1986-1Q87 and 1987-1988. These blood samples were

sent to Patuxtant Wildlife Research Center to be analyzed for heavy metals

and organochlorine pesticide contamination. Based on preliminary results,

the eagles roosting on RMA contained very little r;gaichlorine pesticide

contamination in the blood. Heavy metals were 'ound .n the blood samples3collected, but concentration levels were in the rat.Ae expected for bald

eagles (USFWS, 1988).I
Raptors are conspicuous components of the terrestrial biota on RNA and, as

predators at the top of the food chain, are highly susceptible to the

effects of bioaccumulation of contaminants. Specimens of five species of

raptors from RMA were analyzed. American kestrel eggs and young were

collected from onpost and offpost nest boxes as part of the avian

reproduction study. Five ferruginous hawks, three red-tailed hawks. four

great-horned owls and two golden eagles were found on RMA within one to

three days after they had died. These raptors were necropsied and analyzed.

The kestrel tissues were analyzed for mercury, aldrin. dieldrin. endrin.3 DDE, and DDT. Arsenic analysis was not required by the technical plan

because arsenic was not expected to bioacummulate In organisms occupying

higher levels in the food web. The liver and brain were collected trom each

of the remaining raptors and analyzed for all of the target analytes.

I Dieldrin concentrations detected in the carcasses of six of ten American

kestrels collected on RMA ranged from <0.031 to 1.01 ppm (Mean . 0.31ti).

DDE was detected in a single kestrel carcass from RMA at a level ot

i34-37
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0.219 ppm. No other analytes were detected in the onpost kestrel samples.

The only analyte detected in kestrel carcass samples collected off RMA. DDE

had a concentration of 0.733 ppm in a single carcass. Eggs collected from

kestrel boxes on RMA had detectable concentrations of mercury (8 of 34

i samples), dieldrin (17 of 33 samples). and DDE (1 sample). Contaminant

concentrations ranged from <0.050 to 0.405 ppm mercury, from <0.031 to I

I 3.63 ppm (Mean a >0.512) dieldrin, and the single detection of DDE was

1.25 ppm. One of eleven eggs collected offpost contained 0.057 ppm mercury,

and two eggs contained 0.837 and 1.04 ppm DDE, respectively; dieldrin was

not detected in kestrel eggs collected off RMA. Aldrin, endrin, and DDT

were not detected in any kestrel samples. Contaminant values for kestrel

eggs and fledglings by RMA location are presented in Figures 4.3-3 and 4.3-4.

Aldrin, endrin, DDE, and DDT did not yield any significant differences for

any of the comparisons. For mercury, no significant difference was observed

between control and contaminated sites, but differences between eggs and

juveniles were significant. In contrast, differences between control and

contaminated sites for dieldrin were significant for both juveniles and

eggs, while no difference was detected between age groups. Both eggs and 5

juveniles showed higher levels of dieldrin on RMA than offpost: in fact. no

dieldrin was detected in either eggs or juveniles offpost.

I Ferruginous hawks are currently considered a candidate species by the USFWS

and are discussed separately in this paragraph. The brain and liver tissues

from several ferruginous hawks found dead on RHA were analyzed for all

target analytes. No detectable amounts of arsenic, aldrin, endrin, DDE. or

DDT were found in either the liver or brain tissues. Mercury was detected

in the liver in one of the five samples analyzed at a concentration of

0.293 ppm. Dieldrin was detected in all five liver tissue samples at

concentrations ranging from 0.263 to 4.79 ppm (Mean = 2.6b). Contanitnants

detected in ferruginous hawk brain tissues included 0.152 ppm mercury (one

of five samples), and dieldrin in four of five samples. l.evels of dieldrin

In ferruginous hawk brain tissues ranged from <0.238 to 9.98 ppm (Mean - 5.07).

Contaminant values for ferruginous hawk as well as other raptors are shown in

Figure 4.3-5 by location on RPA.
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I For the remaining raptors, liver and brain tissues were analyzed for all3 reven target analytes. Combining the data collected from red-tailed hawks,
ferruginous hawks, golden eagles and great horned owls provides information
on contaminant concentrations in avian species at the top trophic level.
Only mercury, dieldrin, and DDE were detected in any of the four species.
DDE was detected in the livers of red-tailed hawks and great horned owls,
and in the brain tissue of great horned owls. Dieldrin was detected in both
the brain and liver tissues of red-tailed hawks, ferruginous hawks, and
great horned owls, but only in liver tissue of the two golden eagles.
Concentrations of dieldrin and DDE often reached high levels in both liver 53 and brain tissue, with the highest levels generally occurring in great
horned owls. Contaminant levels in liver tissue of raptors ranged from
<0.050 to 0.345 ppm mercury, <0.031 to 27.7 ppm dieldrin, and <0.094 to 15.5
ppm DDE. The concentration ranges of contaminants in brain tissue for the •
four species are <0.050 to 0.152 ppm mercury, <0.175 to 15.6 ppm dieldrin,3 and 0.475 to 10.3 ppm DDE.

Two eggs collected from a northern harrier nest by the USFWS contained •
dieldrin at levels of 0.303 and 0.676 ppm (Mean a 0.49). No other analytes
were detected.

Ia -ailan -Ca rnimaz as
Two mammalian predutors, a coyote and a badger, were found dead (in Section
25 on RMA) and collected for tissue analysis. The coyote contained 7.6 ppm
lieldvin in liver tissue. No other target analytes were detected: other
tissues were not examined. Tissues analyzed from the badger were liver
tissue for arsenic, aldrin, dieldrin, endrin, and mercury; and kidney tissue 1
for aldrin, dieldrin aiu'. endrin. The liver contained a dieldrin
concentration of 1.64 ppm, and the kidney contained a dieldrin concentration
of 0.801 ppm. No other target analytes were detected.

Important game species collected on RMA for contaminant analysis included
waterfowl, ring-necked pheasants, mourning doves, cottontail rabbits, and
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mule deer. The target analytes in terrestrial game species were arsenic,
mercury, aldrin, dieldrin, endrin, DDE, and DDT. The technical plan does
not require arsenic analysis for mallard tissue or DDE and DDT analyses for
mule deer and cottontail rabbits.

Wstorfan. -- Waterfowl, including mallards collected by ESE, and redheads,
blue-winged teal, and coots collected by the USFWS, were analyzed for
contaminants. Mallards were collected on RHA, as well as from control areas
offpost, while all the other waterfowl were collected on RMA in the vicinity

of the Lower Lakes.

p
For mallards, the carcasses of juveniles and adults, as well as eggs were
analyzed. Mercury, dieldrin, and DDE were detected in both eggs and
juveniles collected on RMA, while only dieldrin and DDE were detected in
adults jollected on RMA. Mercury and DDE were detected in adults and eggs p
collected offpost, and no target analytes were detected in offpost
juveniles. Concentrations of mercury were detected in two of three onpost
juvenile mallard carcasses (0.061 and 0.066 ppm) and one of eight offpost
adult carcasses (0.061 ppm). Concentrations of dieldrin were detected in P
two of three onpost juveniles and three of eight onpost adult mallards. No
dieldrin was detected in either juveniles or adults collected offpost.
Dieldrin concentration in onpost mallards ranged from <0.031 to 0.522 ppm in
juveniles, and from <0.031 to 4.53 ppm in adults. DDE in mallards was
detected in one of three juvenile carcasses collected onpost, four of eight
onpost adult carcasses, two of eight offpost adults, and zero of six offpost
juveniles. Detectable DDE concentrations ranged from <0.094 to 0.507 ppm in
onpost juvenile carcasses, from below detection limit to 0.360 ppm in onpost

,dtslt catcasses, and <0.094 to 1.02 ppm in offpost adult carcasses.

Two mallard eggs collected in Section 1 on RMA contained concentrations of
0.173 and 0.185 ppm (Mean - 0.179: N - 2) mercury, 3.0 and 4.89 ppm (Mean
3.94; N - 2) dieldrin, and 0.606 and 0.919 ppm (Mean - 0.762; No 2) DDE. p

Contaminants detected in mallard eggs collected off RHA included mercury
(range of <0.050 - 0.186 ppm in five of ten samples; Mean - 0.068) and DDE
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(range of <0.094 - 1.35 ppm in six of ten samples; Mean - 0.302). Offpost

mallard eggs contained contaminant concentrations of <0.050 to 0.186 ppm

(Mean a 0.068) mercury and <0.094 to 1.35 ppm (Mean - 0.302) DDE.

Contaminant levels in mallards are shown for each location in Figure 4.3-6.

Statistical analysis of mallard data contrasted RMA with offpost areas for •

each type of tissue collected: egg, juvenile carcass, and adult carcass.

Differences among age groups when contaminated and control site data were

pooled were also analyzed statistically. For mercury. significant

differences were found between juveniles from control and contaminated

sitv, as well as differences among age groups when contaminated and control

sites moire po-.ied. For dieldrin, significant differences were identified

between control and contaminated sites for eggs (p<O.O01) and juveniles

(O.05>p>0.01), and differences approached significance (O.10>p>O.05) for

adults. Contrasts of pooled contaminated and control sites revealed no

differences among age groups for dieldrin. Although none of the statistical

tests for DDE revealed significant differences among treatment groups,

significance was approached (O.1O>p>O.O5) in the initial comparison of the

six g.oups, as well as in the a priori contrasts of control and contaminated

sites for eggs, and the comparison among age groups when sites were

combined. Aidrin, endrin, and DDT were not detected in any tissr.es.

Additi.onal waterfowl samples were collected at Upper Derby Lake on RHA. S
Harcury concentrations in liver tissue ranged from a low of 0.08 ppm found

in a redhead to a high of 1.77 ppm found in an American coot. Dieldrin

levels in liver tissue ranged from a low of 0.106 ppm to 0.747 ppm. DDE,

aldrin, and endrin were detected in a single liver sample each, at

concentrations of 0.156 ppm, 0.088 ppm, and 0.074 ppm, respectively. Muscle

tissue analyzed in the three waterfowl species contained levels of metcury,

dieldrin and DDE between <0.050 to .559 ppm, <0.062 to 1.77 ppm, and <0.094

to 0.313 ppm, respectively. Contaminrnt levels in these additional

waterfowl are shown by kNA location in Figure 4.3-7.

Iing=nakedhaatsant--Juvenile and adult ring-necked pheasants were

collected both on and off RMA and analyzed for arsenic, mercury, aldrin,
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dtild;ili, DD)V and DDT. Samples were collected on RMA from interior sections

neer sotircee of contAmInat tort (Sect tons 26 .(), .31, 6. and 2 neiar the Lower

1 kee4 And NoUth PlAntv) And from perimeter sections (Sections 23, 24, 20. \'

otnd • ), Juveniilesi collected on RHA contlained detectable levels of arsenic

(I of 11 aemplesa one each from Sections 23 and 26, and near l~ower Derby

Lake) and dieldrin (5 of 12 samples) in CArcCsS tiSSue., while only dieldrin

was detected In adult carcasses collected on RHA (3 of 4 samples). All of

the samples containing detiectable leveol. of dieldti came from interior

weectIonis of KMA^. Arsenic concentrations rcanged from <0,250 to 1,82 ppm in

Juveniles, while disldrin concentrntions ranged from <0.031 to 1,33 ppm in

3 Juvenile carasses, and from O,.Cli o 2.92 ppm (Mean - 0.767) in the

cat-causes of adults collected on RMA. Two ,juvenile pheosant.s collected

offpost were found to contaIn concentrations of arsenic (0,72 and 14. ppm)

and one Juvenile pheasant collected from a coun, ry club in Larimer County

cont a 1 ned Id, 6 ppm d ald r Itn , and I . 34 ppm of 1)DV. . Tb Is concent rat ton of

dieldrin was the highest detected in any of the pheasants analyzed. No

target Analytes were detected in the carcass tissues of adults collected

Sot post Contaminant values by location for phia.ant carcass samples are

shown in Figure 4.3-8.

SKing-neckod phetasatit eggs wore c,•Ilected both on and offpost and analyzed

m fur nit seven tar-got analytes. No contaminants were detected In eggs

collected off RIA, while maost ejigs collected on RMA (9 of 11) contained

dieldrin, Concentrations of dioldrin ranged from <0.031 to 5.38 ppm (Mean o

I1.12) One egil collected on RHA also contained 0.143 ppm endrin. No other

tat-get iaalytes were dotected. Contaminant values for RKA pheasant eggs are

shown in Fligure 4.3-9.

Ring-necked pheasant samples were statistically contrasted by offpost

control versus onpost areas, and by age groups (ugg, Juvenile, or adult).

No significant differences in levels of mercury. aldrln, endrin. DDE. or DDT

were obtained for any contrasts. No significant differences in levels of

arsenic were detected between control and RMA sites within any of the three

age groups, but significant diffetences were revealed among atge groups for
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arsenic. Juveniles, both on and offpost, contained significantly higher

levels of arsenic. No adult or egg samples contained any detectable 5

arsenic. In contrast, significant differences between control and RMA sites

for eggs and Juveniles (but not adults, probably due to small sample size)

were obtained for dieldrin. The preliminary ANOVA wai also significant for

dieldrin. S

Additional pheasants were collected at onpost and offpost locations by MKE

in support of Shell investigations. Twenty individuals from RNA and two

from offpost were analyzed for RMA target analytes. Muscle and liver tissue

were analyzed rather than the carcass as had been done with the pheasants

collected under the Biota Assessment Program. Both tissues were analyzed

for organochlorine pesticides (aldrin, dieldrin, endrin, DDT and DDE), but

only muscle tissue was analyzed for arsenic and mercury because of the

limited amount of liver tissue available.

Two of 22 muscle tissue samples and four of six liver samples collected on

RMA by MKE had concentrations of dieldrin above the certified reporting

limit (CRL) (Table 4.3-2). DDE, endrin, (one hit each). and arsenic (two 4
hits each) were also detected in pheasants from RMA. All of the samples

that contained detectable contaminant concentrations were collected from

interior sections of R&A. None of the tissues from pheasants collected

offpost contained detectable levels of the target analytes. Contaminant I
levels and locations for these additional RMA pheasant samples are included

in Figure 4.3-8.

Mourning•DOas-- Two mourning doves found dead on the lawn of RMA

headquarters (Building 111) were collected and analyzed for arsenic,

meccury. aldrin. diidrin, endrin. DDE, and DDT- Concentrations of

contaminants detected iii the carcass samples were <0 063 and 1.83 ppm

aldrin, <0.800 and 3..4 ppm DDE. and 5 5' ,nd 5fý 3 ppm dieldrin. These are

the highest concentrations of dieldrin detected in any of the species

analyzed and exceed FDA action Imit s. Tho I!.'et- from a third dove.

collected on 7th Avenue between Sections 3h and I. was analyzed and

I •,1- 50
|I



3 5/4/89 I
contained contaminant concentrations of 7.37 ppm dieldrin and 3.74 pp.

endrin. No other target analytes were detected. Contaminant levels in

mourning doves by RMA location are shown on Figure 4.3-7.

1I C=LQriLt ha.lIBbbi--Cottontail rabbits were collected from contaminated

(Section 36) and uncontaminated areas (Sections 19, 20) on RMA and from

i offpost control areas; muscle tissue was analyzed. Target analytes were

arsenic, mercury, aldrin, dieldrin, and endrin. DDE and DDT analysis was

not required by the technical plan. No contaminants were detected in muscleID
tissue collected from onpost or offpost control areas, and only dieldrin was

detected in samples collected from contaminated areas. Dieldrin was

detected in three of seven samples at levels of 0.033, 0.048, and 0.092 ppm.

Contaminant values for RMA cottontails are shown by location on Figure 4.3-10.

Statistical contrasts included comparison of onpost and offpost controls,

3 and comparisons of pooled controls with the contaminated sites. No

significant difference was observed between onpost and offpost control

3 areas, but the a pror., contrast of pooled controls and the contaminated

site was significantly higher for dieldrin from the contaminated site.

SMuig_•e- -- Fourteen mule deer were collected on RMA and two mule deer were

collected from offpost control areas. Liver and muscle tissues were

analyzed for arsenic, mercury, aldrin, dieldrin, and endrin. No target

analytes were detected in either tissue from control deer, and no

contaminants were found in muscle tissue of deer collected on RHA. Dieldrin

was detected in liver tissue of one of the lit deer (0.187 ppm) collected

onpost. No significant differences in levels of contamination in liver or

muscle tissue were detected for any comparisons of control and contaminated3 sites. Mule deer collection sites on RMA are shown in Figure 4.3-11

While waterfowl, ring-necked pheasants, cottontail rabbits, jackrabbits, and

small rodents are all important prey species on RHA, the most abundant prey

species and the most important in relation to bald eagles wintering on KRA

is the black-tailed prairie dog (ESE, 1988b, R1Cs88l74R03). Prairie dogs

I
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4
I were collected for contaminant analysis during winter and summer months in

order to detect any seasonal differences in contaminant levels in this prey

species. Samples were collected from onpost contaminated areas (Section

36). onpost control areas (Sections 19, 20), and offpost control areas.

Samples were also collected from the Toxic Storage Yard (TSY), which is an

important perching and foraging area for raptors. Tissues were analyzed for

3 arsenic# mercury, aldrin, dieldrin. and endrin. DDE and DDT analyses were

not required by the technical plan. Dieldrin was detected in the tissues of

3 prairie dogs from the TSY. Subsequent soil testing by 14KE has shown that

dieldrin is present in the soils near the TSY, confirming soil as the

probable (state plane coordinates 2190763 East, 185264 North) source of

prairie dog contamination. Arsenic and dieldrin were detected in carcasses

from onpost contaminated areas, while no contaminants were detected In

carcasses from offpost control areas and only dieldr".t was detected in

carcasses from onpost control areas.

Arsenic levels in pr3irie dog samples from contaminated areas were 0.478 and

0.741 ppm in two of n~ne samples from Section 36 in summer, all below

detection limit (N - 5) from Section 36 In winter, and 4.22 ppm in one of

five samples from tne Toxic Storage Yard in winter. Dieldrin from

contaminated areas rarnged from 0.233 to 13.4 ppm (Mean - 2.03: all nine

samples) ftom Section '5 in sum~ner, from 0.119 to 6.18 ppm (Mean - 1.44: all

five samples) from Section 36 in winter, and from 0.064 to 0.155 ppm (Mean -

0.114; all five sampies) from the Toxic Storage Yard in winter. Dieldrin3 was detected iUi prairie dcg carcasses in two of nine samples from onpost

control areas in summer (0.064 and 0.346 ppm), in one of five samples from3 onpoit control areas in winter (0.096 ppm), and in zero of eight semples

from offpost ccntrol areas in summer. The kidneys from five prairie dogs

3 collected from Section 36 were analyzed for arsenic, mercury, aldrin,

dieldrin, and endrin. Mercury 7oncentrations ranged from <0.10 to 0.356 ppm

(Mean - 0.178). Three of the five samples contained detectable levels of

mercury. Concentrations of dieldrin ranged from (0.248 to 1.54 ppm. Two of

the five ý.amples contained detectable levels of dieldri.. No other analytes

Ui were detected. Contaminant levels in prairie dogs are shown on Figure

4.3-12.

I,45
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Prairie dog samples were statistically contrasted by site -.n' season.

Seasonal differences were compared between Section 36, summer versus winter,

I and between onpost control areas, summer versus winter. Analysis of

seasonal differences revealed that only dieldrin had significantly higher

contaminant levels in 3ummer than winter in both Section 36 and onpost

control areas. All other seasonal contrasts were not significant.

3 Section 36 (summer and winter combined) was then contrasted to the Toxic

Storage Yard, while onpost control areas (sumer and winter combined) were

contrasted to offpost controls. A final comparison was made between pooled

contaminated samples (Section 36 and the Toxic Storage Yard) and control

sites (on and offpost). Dieldrin levels were significantly higher in

samples from Section 36 than in samples from the Toxic Storage Yard and

higher in samples from onpost controls than samples from offpost controls.

Analysis of pooled sam"ies for dieldrin revealed highly significant

differences between contaminated sites and controls. Comparisons for

mercury, aldrin, endrin and arsenic failed to yield any significant

differences, although arsenic approached significance (0.lOpO. 0 5 ) for the

comparison of pooled control sites with pooled contaminated sites.

An additional 16 black-tailed prairie dogs were collected at RMA by

Shell/MKE for tissue analysis. Shell/MKE also collected four individuals at

Buckley Air National Cuard Base (Buckley) as an offsite comparison. Tissue

3 analyses were conducted on two prairie dog samples from Section 26, four

from Section 36, four from Section 30 north of the TSY, two from Section 27,

and four from Section 9 on RHA (Figure 4.3-13). Tissue analyses were

conducted on all four prairie dog samples from Buckley. Analytes were

3 arsenic, mercury, aldrin, dieldrin, endrin, DDT, and DDE.

The only analyte present in detectable concentrations was dieldrin (Table

4.3-4). None of the four samples from Buckley showed dieldrin. while all of

the samples from Sections 26, 36, 30, and 27 on RMA had reportable

concentrations. None of the four samples from Section 9 on RIIA, which

served as an onpost control, had detectable levels of dieldrin.I
These data are consistent with the data presented earlier. Particularly

notable about these data are: (1) the general similarity in levels of
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IIdieldrin from Sections 26 and 36, (2) the order-of-magnitude lower levels

north of the TSY and Section 27, and (3) the absence of detectable levels of

dieldrin from Section 9.

4.3.3 CONTAMXNANTS IN AQUATIC ECOSYSTEMS

4.3.3.1

Studies of the Lower Lakes (South Lakes) ecosystems were conducted prior to

initiation of the RI by the U.S. Fish and Wildlife Service (Rosenlund et

al. 1986) and the U.S. Army Engineer Waterways Experiment Station (Myers et

al., 1983; Myers and Greg$, 1984).

In their 1982 study of Upper and Lower Derby lakes and Rod and Gun Club

Pond, Myers et al. (1983) focused on confirming the presence, distribution,

and concentration of aldrin, dieldrin, endrin, and mercury in lake sediments

and adjacent inflow canals. Myers et al. (1983) found dieldrin in 100% of

44 samples from the top one foot of sediments in Lower Derby. The mean

dieldrin concentration of these samples was 0.034 ug/g Mercury was

apparently analyzed in only ten of the samples. Of these, five were below

the detection limit of 0.1 ug/g; the other five have a mean mercury

concentration of 0.818 ug/g. The data presented by Myers et at. (1983)

showed that concentrations of contaminants were highest in the uýoer layers,

in organic materials, near the inflow channels, and in the deepest water.

Lower" concentrations were generally found in deeper layers of the sediments,

in clastics, and in shallow water. Lower Derby Lake and the main body of

Upper Derby Lake showed higher levels of the contaminants testwd than the3 Rod and Gun Club Pond and the eastern arm of Upper Derby Lake.

m A similar study of Lake Mary and Lake Ladora sediments was conducted in 1983

(Myers and Gregg 1984). This study also showed that pesticide

concentrations were highest in the upper layers of sediment. Areas with

highest concentrations of pesticides and mercury in Lake Ladora were the

inlet :hannel, the -inlet pool- where the channel enters the lake, and an

area near the middle of the lake. No such distinct patterns were evident

for Lake Mary.
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Aldrin was the most ubiquitous of the four contaminants tested by Myers and

Gregg (1984), being present above the detection limit in 49 of the 50 upper

layer (0-30 cm) samples (98%) and 117 of the 145 total samples (81%).

Dieldrin also was found in 98% of the upper layer sediments, but fewer (64X)

of the total samples. Endrin was detected in only 58% of the upper layer

and 34% of the total samples. Mercury was present in 91 of the 145 total

samples (63%) and was uniformly distributed throughout the 94.5 cm of bottom

material collected. Mean concentrations reported by Myers and Gregg (1984)

for the upper layer of sediments in lakes Mary and Ladora were as follows S

(maximum values are shown in parentheses): aldrin--O.0053 ppm (1.70 ppm);

dieldrin--0.0051 ppm (0.110 ppm); and mercury--0.15 ppm (2.22 pm). In all

cases, means were calculated by assigning half the detection limit to BDL

values. Detection limits were 0.0002 ppm for the pesticides and 0 1 ppm for

mercury.

Analyses by Rosenlund et al. (1986) of water samples from Lower Derby Like

Lake Ladora, and Lake Mary revealed no values above detection limits for

aldrin, dieldrin, endrin, or mercury. Detection limits were in the parts

per billion range for mercury and tenths of a part per billion range ior

organochlorine ptsticides. Similar results had been obtained in 1983 by

Sergerson et al. (1984). Myers and Gregg (1984) found dieldrin at a

concentration of 0.02 ppb in a sample of water from Lake Mary, but not Irom

Lake Ladora. Their study of Upper ar.d Lower Derby Lakes (Myers et al. 1983)

did not include water samples.

The Rosenlund et al. (1986) studies addressed lakes Mary, Ladora, and Lower

Derby. Organisms sampled included six fish species--northern pike.

largemouth bass, bluegill, black bullhead, channei catfish. and carp; two

amphibians--bullfrogs anid -toads"; five groups of aquatic invertebrates--

dragonflies, damselflies, chironomids, crayfish. and snails; plankton

(including both phytoplankton and zooplankton): and four species of aquatic

macrophytes--American pondweed. leafy pondweed. northern water-milfoil, and

coontail. Sampling was conducted five times during 1984 in order to

determine any seasonal variations. Each lake was divided into quarters for

sampling, atid four areal subsamples were recombined ("pooled") to provide a

single composite samplo for each lake.
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Results of the Rosenlund et al. (1986) studies are described in the

following subsections, organized by lake and contaminant. Discussions of

their findings are followed by sumaries of studies conducted by Shel1/MKE

in i'18h and 1,48

'h - N She.. '- i s program Included aquatic plants, plankton, and
I7' loca.o-s ard number of samples collected were as follows:
:',,s.'e = - .: :-.r.jt:on samp;es from Lake Mary (n = 3), Lake Ladora

- .. ae* n - * 3 and North Bog (n - 3); aquatic
- -, .. .- , :-:m .. a-es M'ary and Ladora (two samples each); whole

Joe- rl. o -er Derby. and Ladora (three samples

1 Ca to A i t .s -- dt Lave Mary (n a 2); whole bluegill from
m.... ... . . and Lower Derby (n - 3); bluegill

• r• , ". Ir piKe fillets from Lake Ladora aud
* ' : "-e'.~... .. -hcile black bullhead from Lower

-(.e :�s iamv.e of fazhead minnows from North

"-•. • i•'sa :: sapv.:-.g program included whole largemouth bass
Ia ,m t•c' La-e ,:"i',•sentroI) and Lower Derby (five samples each); whole

bi.e:'. !r'M IC-',)y LaKe n - 2) and Lower Derby (n - 5). bass fillets and
remains from McKay Lake and Lower Derby (five sampies each); and bluegill

fillets and remains from McKay Lake and Lower Derby (five samples each).

Table 4.3-5 presents the results of tissue analyses performed on aquatic
biota samples collected during the RI In 1986 and 1988. As described more

fully in Section 4.3.3.5, the 1986 program emphasized comparisons among
lakes, species, and tissue types on RMA, while 1988 program was directed3 primarily at onpost-offpost comparisons.

4.3-.3..2
&ldrin--Rosenlund et al. (1984 data) reported that 72% of the 47 samples of
biota analyzed for aldrin were above the detection limit. Organisms with
detectable concentrations of aldrin included pondweeds. pike, bass,
bluegill, young-of-year bullhead catfish, carp, chironomid insect larvae,
and plankton. Mean aldrin levels were greatest in bass viscera (0.30 ppm).
followed by pike viscera (0.174 ppm), plankton (0.153 ppm), and chironomLds
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(0.03 ppm). Mean a.drin concentrations were much lower in fillets of bass

(0.009 ppm) and pike (0.005 ppm), and aldrin was not detected in crayfish,

dragonflies, damselflies, bullfrogs, or toads.

Ranges of aldrin concentrations reported by RosenJund at al. (1986) were

from <0.002 to 0.017 ppm in two species of leafy pondweed, 0.040 to 0.260

ppm in plankton, and <0.002 to 0.014 ppm for fish fillets. The two bass

viscera samples analyzed contained aldrin levels of 0.212 and 0.388 ppmt the

four pike viscera samples ranged from 0.106 to 0.261 ppm.

Shell/MKE found no levels of alirin above the certified reporting limits

(C.L) in samples of macrophytes, plankton, black bullhead, bluegill,

largemouth bass, and northern pike tissues from Lower Derby Lake in 1986.

Howaver, samples of bluegill and largemouth bass collected from Lower Derby

Lake in 1988 revealed aldrin concentrations of <0.02 to 0.053 ppm in

largemouth bass remains and <0.02 to 0.044 in bass fillets. This

discrepancy probably is due either to differences in sampling season (fall

in 1986, spring in 1988) or the size (age) of the fish analyzed.
S 6

Di.ldr•n--Rosenlund et al. (1984 data) reported that 85% of 47 samples of

biota analyzed for dieldrin were above the detection limits. Organisms with

detectable concentrations of dieldrin included pondweeds, pike, bass,

bluegill, bullhead catfish, carp, crayfish, chironomids, plankton, aquatic

snails, and toads. DieIdrin levels were greatest in pike and bass viscera,

with ranges of 1.311 to 2.384 ppm and 4.294 to 6.500 ppm, respectively. The

highest rean concentrations of dieldrin in Lower Derby aquatic biota were

for the viscera of bass (5.397 ppm) and pike (1.942 ppm).

Dioldrin concentrations varied greatly among species groups in the 1984

samples from Lower Derby Lale. For example, values in fillets ranged from a

low of 0.039 ppm in a pike sample to a high of 0.420 ppm in a bluegill- I
sample. The range of dLeldrin in plankton samples was slightly higher, from

0.060 to 0.500 ppm dieldrin (mean of 0.216 ppm). Leafy and American

pondweed combined yielded a range of <0.004 to 0.127 ppm, with dieldrin

levels in leafy pondweed generally greater them American pondweed (means of

0.059 and 0.044 ppm, respectively). Dieldrin levels for other organisms

S~4-64I
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included <0.02 to 0.05 ppm in crayfish, and single sample values of 0.210

and 0.240 ppm in chironomids and toads, respectively.

Dieldri~a wx'j detected above CRLs in 67% of fish tissue samples from Lower

Derby Lake in 1986 Shell/M&E studies (Table 4.3-5). Values ranged from

0.085 to 0.209 ppm in whole-body samples of black bullhead, bluegill, and

largemouth bass; one of the three bass samples was below the CRL. All three

northern pike fillet samples were below the CIL (no whole bodies or tissues

3 other than fillets were analyzed for pike). Dieldrin was not detected above

CRLs in macrophyte and plankton samplPs in 1986. I

IThe 1988 Shell/MKE study showed dieldrin leve s above the CRLs in 82% of

largemouth bass tissues and 67% of bluegill samples analyzed. Bluegill

whole-body concentrations of dieldrin ranged from 0.056 to 0.129 ppm.

Values for largemouth bass ranged from 0.438 to 0.370 ppm in fillets and

3 from 0.100 to 0.860 ppm in remains (whole body minus fillets). A composite

of five small bass whole bodies was below the CRL. Values for

reconstructed" bass whole bodies were derived from 1988 data by recombining

the concentrations in fillets and remains for individual fish. These were

3 larger fish than those used for actual whole-body samples. The mean

dieldrin concentrations for reconstructed bass whole bodies from Lower Derby

Lake was 0.375 ppm (range of 0.067 to 0.644 ppm).I I

Fndxtn--Only 13% of the 47 biota samples for Lower Derby in the 1984

3 Rosenlund et al. study has levels above detection limits. The two groups

of samples with detectable values were pike and bass viscera, with a

3combined concentration range of 0.040 to 0.210 ppm. Endrin was not detected

above the CIL for any biota samples in the 1986 and 1988 Shell/MKE studies.

IOU--The Rosenlund et al. 1984 study did not include analysis for DDE. The

IShll/MKE studies; however. did include an~lysiS for DDE In both 1986 and

1988. In 1986, only one black bullhead whole-body showed a detectable level

of DDE (0,098 ppm). In contrast. the 1988 data showed DDE above the CRL in

82% of the largemouth bass samples. DDE levels ranged from 0.182 to 0.684

ppm in fillets and from 0.101 to 0.839 ppm in remains. As with aldrin, this

discrepancy may have resulted from the different sampling season or the size

3 4-65]S



5/4./89

of the fish analyzed. DDE was not detected above CII~s in sacrophyte and

plankton samples in 1986.

dereacX--All of the 47 biota samples from Lower Derby Lrlhe analyzed for

mercury in the Rosenlund at &l. 1984 study contained levels above the CRL.

Fish fillets tended to have the highest levels of mercury, with mean

concentrations of 1.90 ppm in pike fillets, 1.74 ppm in adult bullheads,

1.510 ppm in bass fillets, 0.62 ppm in 24-32 cm carp fillets, 0.58 pps in

young-of-year bullheads, and 0.51 in bluegill fillets. Mercury

concentrations for other species groups (in decreasing order) were as

follows: dragonflies--O.50 ppm; amphkbians--0.38 ppm; crayfish--0.31 ppm;

American pondweed--0.25 ppm; leafy pondweed--0.24 ppe; damselflies--0.23

ppm; plankton--0.20 ppm. Chironomids were not analyzed because of

insufficient sample size.

3 Variation within species groups was greatest for fish fillets, which ranged

from a low of 0.25 ppm for one bluegill sample to a high of 2.45 ppm for one

pike replicate. Other ranges included 0.19 to 0.59 ppm for fish viscera E
(bass versus pike), 0.18 to 0.28 for damselflies, 0.17 to 0.42 ppm for

crayfish, 0.09 to 0.31 ppm for plankton, and 0.03 to 0.18 ppm for aquatic

snails.

In the Shell/ME study, 66% of the 1986 and 1988 fish samples from Lower
Derby Lake contained levels of mercury above the CXL (Table 4.3-5).

Northern pike fillets analyzed in 1986 contained the highest mean

concentration (0.405 ppm), followed by larSemouth bass whole bodies1 (0.066 ppm). One of three black bullhead whole bodies showed mercury

0.0516 ppm. while all of the bluegill whole bodies was below the CRL of

0.03 ppm. In 1988. largemouth bass fillets contained mean mercury

Icncentrations of 0.369 ppm compared to 0.250 ppm for boss remains and

0.098 for a composite of five small largemouth bass whole bodies.3 econstructed whole bod!es of bass from Lower Derby Lake had a mean mercury

concentration of 0.294 ppm (range of 0.183 to 0.394 ppm). bluegill whole

bodies averaged 0.056 ppm (half were below the C11.1. Mercury was not

detected above CRLs in macrophyte and plankton samples.

-
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The Shell/MKE studies in 1988 included an offpost control lake (McKay Lake)

for comparison with Lower Derby Lake; only bluegill and largemouth bass

tissues were analyzed. All contaminants were below CRLs for McKay Lake,

with the exception of mercury, which was detected above the CRL in 87% of

the fish samples. Mean mercury concentrations in McKay Lake fish were as

follows: bluegill fillets--0.188 ppm; bass fillets-.-0.152 ppm; bluegill

remains--0.104 pp.; bass remains--0.084 ppm; and bass whole bodies--0.084

ppm. Mercury levels in reconstructed whole bodies (fillets plus remains)

3 from McKay Lake ranged from 0.088 to 0.178 ppm (mean of 0.141) for bluegill,

and from 0.086 to 0.157 (mean of 0.109) for bass.

4.3.3.3 CinntAmfnsttnn Ir. Aqiitajr.Rintn in LakajLada"

AJldrL--Rosenlund et al. (1984 data) did not find extensive aldrin

contamination in the aquatic biota sampled in Lake Ladora. Indeed, only

aquatic plants, fish viscera, and one plankton sample contained3concentrations above the detection limit, comprising 15% of the 51 samples.

Mean aldrin concentrations were universally low, with 0.014 pp. in plankton,

0.007 pp. in aquatic plants, 0.004 ppm in bass viscera, and 0.002 ppm in * 1

bluegill viscera.

U Shell/MKE found no detections of aldrin above CRLs in any aquatic biota

samples from Lake Ladora in 1986 (Table 4.3-5).

D.iLrin--The Rosenlund at al. 1984 study of Lake Ladora reported dieldrin

3 concentrations above detection limits in 86% of 51 samples. As in Lower

Derby Lake samples, mean dieldrin concertrations were greatest in fish

viscera. with bass (0.476 ppm) ) bullheads (0.297 ppm) > bluegill

(0.202 ppm). Other samples showed a pattern of plankton (0.086 ppm) >

3 aquatic plants (0.037 ppm) > aquatic snails (0.030 ppm). Dieldrin was not

above detection limits in chironoids, dragonflies, and damselflies.

Aquatic macrophytes, which represented the greatest biomass in Lake Ladora.

had dieldrin concentratior.s ranging from 0.008 to 0.171 ppm. Viscera of

fish species combined contained higher dieldrin concentrations than fillets,

with ranges of 0.028 to 0.780 ppm versus 0.012 to 0.160 ppm, respectively.

3Plankton samples varied from 0.050 ppm to 0.130 ppm.
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In the Shell/MUE 1986 analyses of fish tissues from Lake Ladora, 75% of the

samples were above CR~s for dieldrin (Table '.3-5). The mean concentrations

in bluegill whole bodies was 0.100 ppm, compared to 0.027 ppm in bass whole

3 bodies. Pike fillets had a moan concentration of 0.044 ppm. Dieldrin was

not detected above CRIs in macrophyte and plankton samples.

Indizi--Endrin was detected at low levels in 8% of the 51 samples in the

Rosenlund et al. 1984 study. These samples include one bluegill and one

bullhead fillet at concentrations of 0.010 ppm each, and two bass viscera I

samples at 0.020 ppm and 0.030 ppm. Endrin was not detected during the

Shell/MKE analyses of aquatic biota tissues from Lake Ladora in 1986.

I •frlrcuzH=--The Rosenlund at al. 1984 analyses showed that 91% of the 45

samples contained mercury above the detection limits. As in samples from

3 Lower Derby Lake. mean mercury concentrations were highest in fish fillets,

with pike (2.94 ppm) > bass (2.44 ppm) ) bluegill (0.87 ppm) ) bullhead

3 (0.42 ppm). Mean mercury concentrations for other groups were as follows:

plankton--0.39 ppm; aquatic plants--0.28 ppm; and dragonflies--0.123 ppm.

Ranges of mercury values in fish fillets were from 0.31 ppm for one bullhead

sample to 3.45 ppm for one pike sample. For viscera, values ranged from

0.04 ppm (bullhead) to 1.52 ppm (bass). No pike viscera were analyzed.

Aquatic plants varied from 0.14 to 0.75 ppm, plankton from 0.05 to 0.90 ppm,

and dragonflies from 0.04 to 0.17 ppm.U
Shell/MUK detected mercury above CRLs in all fish samples in the 1986 study

3of Ladora Lake (Table 4.3-5). Values ranged from 0.059 ppm tot one bluegill

sample to 0.366 ppm for one pike fillet sample. Mean mercury concentrations

in fish were as follows: pike fillets (0.328 ppm) ) bass whole bodies

(0.182) > bluegill whole bodies (0.084 ppm). Mercury was not detected above

I1 CRLs in eacrophyte and plankton samples.

4.3.3.4 COnjaa£Qn. ar

Aldran--Rosenlund at al. (1984 data) found low levels of aldrin in plankton.

aquatic plants, fish fillets, and fish viscera samples from Lake Mary.

5 Aldrin was not found above detection limits in macroinvertebrates (insect
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larva*) or aquatic snails. Aquatic plants--including American and leafy

pondweed, northern water-milfoll, and coontail--varied in aldrin

I 1 concentrations from (0.002 to 0.043 ppm. Channel catfish contained the

highest mean aldrin concentrations among fish spe'ies, with a value of

i 0.041 ppm for the single viscera sample and 0.034 for fillet samples. Other

values in fish ranged from (0.002 to 0.003 ppm for bass and bluegill.

Aldrin In plankton samples ranged from (0.01 to 0.03 ppm. The Shell/MKE

1986 study of contaminants in Lake Mary detected no aldrin values above CRLs

in the aquatic biota analyzed (Table 4.3-5).

I a.Ldrin--Dieldrin was reported above the detection limit in 79% of 47

aquatic biota samples from Lake Mary in 1984 (Rosenlund &.L al., 1986). The

greatest concentrations of dieldrin were detected in channel catfish viscera

and fillets. with mean concentrations of 0.527 and 0.402 ppm, respectively.

Other concentrations were as follows: bass viscera (0.134 ppm) > bluegill

I fillets (0.066 ppm) > bass fillets (0.023 ppm) > plankton (0,066 ppm) >

aquatic macrophytes (0.062 ppm). Dieldrin was detected at very low levels

in aquatic snails (0.020 ppm) and dragonflies ((0.020 to 0.070 ppm), but not

at all in chironomid or dawselfly larvae. Dieldrin was detected above CRLs

in 50% of fish samples analyzed by Shell/MKE in 1986 (Table 4.3-5).

Detected values ranged from 0.031 to 0.158 ppm for bluegill whole-body

samples, with a mean of 0.085 pp.. For bluegill fillets, dieldrin was

detected in one of three samples, at 0.041 ppm. Similarly, one of three

bass whole-body samples had a detectable concentration of dieldrin

(0.115 ppm). Dieldrin was not detected above C&Ls in macrophyte or plankton

samples.I
Eadrin--Endrin was reported by Rosenlund al al. (1986) to be above detection

limits in 15% of the aquatic biota samples collected from Lake Mary in 1984.

Only two coontail samples (0.02 ppm and 0.01 ppm) were above detection

lilitst all other macrophytes and all invertebrates were below detection

limits. Of the fish tissues analyzed, only channel catfish fillets and

viscera were Ireater than the 0.01 ppm detection limit, with endrin

I concentrations of 0.05 and 0.06 ppm. respectively.

46
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Indrin values were below the CRLs from analysis of all aquatic biota during p

the Shell/MKU 1986 study of Lake Mary.

Mor.rur--Rosenlund al al.. (1984 data) detected mercury in 92% of aquatic

I bLots samples analyzed. Mean mercury concentrations in fish were as

follows: bluegill fillets (0.51 ppm) > boass fillets (0.50 ppm) > catfish

fillets (0.28 ppm). Values for viscera were 0.34 ppm for bass and 0.12 ppm

for catfish. Mer. uy concentrations In other species groups were 0.25 ppm

for macrophytes, 0.21 ppm for dauselflLes, 0.19 ppm for plankton, and 0.176

ppm for dragonflies, and 0.04 for chironomids. Mercury was not detected in

the single sample of aquatic snails. In their 1986 study, Shell/MKU found

mercury above the CRi. in 57% of bluegill and bass tissue samples (Table

4.3-5). Mean concentrations were similar, with the following trend:

I bluegill fillets (0.074 ppm) > bass fillet (0.101 ppm) ) bass whole bodies

(0.066 ppm) > bluegill whole bodies (0.061 ppm). Mercury was not detected

I above CRLs in macrophyte or plankton samples.

I hAsani.r--Shell/MKE 1986 studies of Lake Mary detected arsenic above CRLs in i

both macrophyte samples (0.782 and 0.465 ppm), as well as one plankton

sample (0.432 ppm) (Table 4.3-5). Arsenic was not detected above CRLs in

any other aquatic biota for all RMA lakes.

1 4.33.5 Stat1alJLij& g tL".ULaAdZa WDtaa

In their 1984 study of aquatic biota contamination at IltA, Rosenlund at al.

(1986) used analysis of variance (ANOVA) to test for statistical

significance of differences among lakes as well as temporal and species-

specific differences within lakes.

The Rovenlund at al. analyses in 1984 of aldrin, dieldrin, and mercury in

aquatic macrophytes (plants) showed no statistically significant (p ( 0.05)

differences among lakes. However, some species-specific significant

differences within lakes were reported. In Lower Derby Lake, differences in

dieldrin concentrations were highly significant (p ( 0.001) between leafy

and American pondweed, with mean values of 0.078 pps and 0.044 ppm,

I7
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S I respectively. Differences between these two macrophytes in Lower Derby Lake

were also significant (p < 0.01) for aldrin, with concentrations in leafyI
and American pondweed of 0.009 ppm and 0.003 ppm, respectively.

For macrophytes in Lake Ladora, Rosenlund e", al. (1986) reported that

dieldrin concentrations were significantly different (p <0.05) among four

species. with means (in ppm) as follows: leafy pondweed (0.108) > American

pondweed (0.036) ) coontail (0.017) > water-milfoil (0.010). The same trend3 was evident in Lake Mary, where differences in dieldrin among macrophytes

approached significance (p < 0.10). Mean values (in ppm) in Lake Mary were

as follows: leafy pondweed (0.26) > American pondweed (0.055) > coontail

(0.027) > water-milfoil (0.010).

For plankton (including both phytoplankton and zooplankton), Rosenlund

ea al.. (1986) reported significantly higher concentrations of aldrin arid

dieldrin in Lower Derby Lake than the other lakes. Monthly variations

within lakes approached significance for mercury but not for the pesticides.

For samples of fish tissue, Rosenlund e.La.14 (1986) reported that aldrin in

pike and bass fillets was significantly higher for Lower Derby Lake than

either lakes Ladora or Mary. Higher values of aldrtn in Lower Derby

approached significance for bass viscera and black bullhead fillets.

Dieldrin was significantly higher in both bass fillets and viscera from

Lower Derby than from the other lakes. Differences in mercury

concentrations among the three lakes were highly significant (p < 0.001) for

bass fillets. with Ladors > Lower Derby > Mary.I
Statistical analyses were also performed on aquatic tissue data collected by

Shell/MKE in 1986 *ad 1988 (see Appendix B, Section 3-0). Two different

statistical approaches were employed. Fifteen complete tests, each holding

experiment-wise error rate constant at 0.05 and including a pzlorl

orthogonal contrasts, constitute the "primary" design. As a result, 30

pair-wise comparisons of groups composed our orthogonal a prlr2. c''te'P'i.

based upon the nonparasetric results. For every complete test,an analo~ous

parametric test was also ran for co:rmparative purposes. "'Secondary tests"
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(31 total) were more exploratory, using numerous pair-wise comparisons

(t-tests and one-way ANOVAs) that diu not confnrm to this rationale, and

were performed by HKE to search for differences among analagous data sets

(lakes, species, and tissues).

Results of primary tests revealed nine significant contrasts as well as

three contrasts approaching significance.

Significant Contraets (Primary TeX t)

1. Between Derby and McKay Lakes for remains in largemouth bass in

1988 for mercury.

2. Between Derby and McKay Lakes for fillets in largemouth bass in

1988 for mercury.

3. Between Derby and McKay Lakes for remains in lacgemouth bass in S

1988 for dieldrin.

4. Between Derby and McKay Lakes for fillets in largemouth bass in

1988 for dieldrin.

5. Between Derby and McKay Lakes for remains in largemouth bass in 4
1988 for DDE.

6. Detween Derby and McKay Lakes for fillets in largemouth bass in

1988 for DDE.

7. Between Derby and McKay Lakes for remains in largemouth bass in

1988 for aldrin.

8. Between Derby and McKay Lakes for whole tissues In largemouth bess

in 1988 for mercury.

9. Between bluegill and bass (with data pooled for Lakes Derby and

McKay) for whole tissues in 1988 for mercury.

App~ncA~ng -SigniL anAon•za5 L..Lriar J.Iaa _Zz.

10. Between remains and fillets for Lake McKay in 1988 for mercury in

bluegills.

11. Among lakes (Derby vs Ladora vs Mary) for whole tissues In 1986

for largemouth bass for mercury.

12. Between basa and bluegill (with data pooled from lakes Derby,

Ladora, and McKay) for whole tissues in 1966 for dieldrin. 0
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The secondary tests revealed 10 contrasts which at least approached 1

significant (based upon nonparametric results). Half of these (5) confirmed ()
the primary tests and were, in fact, mathematically equivalent to them.

Five potential ares of effect were not discovered in the primary tests

because they could not be addressed within the framework of a constant

experiment-wise error rate held at 0.05. They appear hereafter.

SLlgnitn~raa_Cnn~atr, LALS •:nnar~yTest 1

I. Between bass and blue8ill for whole body in 1986 for dieldrin.

2. Between bass and bluegill (where bass are reconstructed samples)

for whole body in Lake Derby for 1988 for mercury.

3. Between or bass and bluegill whole body in Lake Drby for 1988 for

dieldrin.

4. Between bass and bluegill for whole body in Lake Ladora for 1986

for dieldrin.

5. Between fillets and remains for bass from Lake McKay in 1988 for

mercury.

Statistical comparisons between an onpost lake (Lower Derby) and an offpost

control lake (McKay) were made using data from 1988 (samples collected on

successive days). These statistical analyses revealed significantly higher

concentrations of dieldrin, aldrin, and DDE onpost than offpost for bass,

but not Zor bluegill. None of these pesticides were detected in any of the

offpost samples, whereas they were widespread in the onpost samples. These

comparisons (i.e., with no detected values in the offpost data set) were

made using a nonparametric ANOVA by ranks. Parametric tests were not

performed because ot zero variance associated with the offpost data set

(i.e., all values bolow certified reporting limits). Mercury, which was

detected in both onpost and offpost samples from 1988, was significantly

higher onpost in bass remains, fillets, and whole bodies. The mercury

concentrations tn bluegill whole bodies were higher in Lower Derby Lake than

in Lake McKay, with a difference which approached statistical significance.

Tissue concentrations in some cases are related to the sizes of the fish

sampled. Weights of individual bess and bluegill analyzed in 1986 and 1988,
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and their corresponding dieldrin and mercury concentrations, are shown in

Table 4.3-6.

HIrE calculated condition factor (K) based on fish length and weight data to I
compare McKay Lake with the RA lakes for two size classes of these two

species. For small bluegills, the mean condition factor at McKay Lake was

significantly lower than the values at any of the RHA lakes. For large

blueSills, the mean condition factor at McKay was identical to that In Lake

Ladora, and significantly lower than the values in Lake Mary and Lower Derby

Lake. The mean condition factor for small largemouth bass was not

significantly different among the lakes. For large largemouth bass. the

mean condition factor was significantly lower in Lake Mary than in the other

lakes. I

4 0

I

I
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E Table 4.3-6. Nonatatistical Comparisons of Mercury and Dieldrin Concentrations

for Individual Bass and Bluegill Whole Bodies in Relation to Weight

Weight Mercury Dieldrin
I Species Lake (2) (ppm) (ppm)

S ass (1986) Lower Derby 37.30 (0.05 0.112
37.46 0.063 <0.031
37.60 (0.05 0.088

B ass (1988) Lower Derby 483.33 0.183 0.668
1,835.10 0.312 0.286
1,959.88 0.394 0.481
2,153.24 0.275 0.396
2,251.62 0.306 0.644

Bluegill (1986) Lower Derby 31.58 <0.05 0.161
37.66 <0.05 0.143

i 40.84 <0.05 0.142

Bluegill (1988) Lower Derby 53.30 0.091 0.056
64.27 0.063 0.129
78.44 (0.05 0.098
89.35 0.074 <0.03190.16 <0.05 0.074

B ass (1986) Ladora 63.66 0.235 0.03267.67 0.084 <0.031

88.08 0.228 0.034

I Bluegill (1986) Ladora 34.37 0.124 0.083
81.73 0.069 0.064
87.37 0.059 0.153

B ass (1986) Mary 93.96 0.072 <0.031
96.35 0.101 <0.031

218.28 <0.05 0.115

SBluegill (1986) Mary 76.70 <0.05 0.158
76.92 <0.05 0.100
98.81 0.062 0.094

100.47 0.092 <0.031
100.81 <0.05 0.107
125.10 0.137 0.038

Bass (1988) McKay 248.79 0.122 <0.031
291.18 0.086 <0.031
304.19 0 086 <0.031
437.85 0.092 <0.031

1,177.71 0.157 <0.031

I Bluegill (1988) McKay 94.75 0,173 <0.031
101.90 0.178 <0.031
106.11 0.134 <0.031
106.91 0.088 <0.031
112.58 0.130 <0.031
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